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Abstract: A series of highly functionalized pyrazole derivatives has 

been prepared by a one-pot, versatile and regioselective procedure. 

Pyrazoles 1-29 were tested in cell-based assay to assess their 

antiproliferative activity against a panel of tumour cells. Additionally, 

the cytotoxicity of prepared compounds was evaluated against 

normal human fibroblasts. The antiproliferative activity of the 

synthesized molecules emerged to be affected by the nature of the 

substituents of the pyrazole scaffold and derivatives 21-23 proved to 

inhibit the growth of melanoma and cervical cancer cells. Compound 

23 was identified as the most active derivative and docking 

simulations predicted its ability to interact with estrogen receptors. 

Introduction 

Push-pull alkenes are substituted alkenes bearing one or two 

electron-donating groups at one end of the C=C bond and one 

or two electron-accepting groups at the other end. This 

arrangement promotes the π delocalization and the 

intramolecular charge transfer from the electron-donating groups 

("push" terminus) to the electron-withdrawing groups ("pull" 

terminus) thus effecting both the molecular structure [e.g. central 

double bond elongation,[1] lowering of its rotational barrier][2,3] 

and the physical-chemical properties of the compounds [e.g. 

existence of strong charge-transfer absorption bands,[4] large 

dipole moments,[5] and high hyperpolarizabilities [6,7,8]]. As a 

number of theoretical and experimental investigations 

assessed,[9-28] the form that better describes a push-pull alkene 

is the zwitterion D (Figure 1), characterized by a strong charge 

transfer, large molecular dipole and quadrupole moments and, 

consequently, high polarization. These features make push-pull 

alkenes particularly reactive with nucleophilic and electrophilic 

species and therefore these compounds represent versatile 

building blocks for the synthesis of (hetero)cycles. 

 

Figure 1. Different resonance structures for push-pull alkenes. 

Functionalized pyrazoles and their fused analogues constitute 

the core structures of blockbuster drugs such as Acomplia, 

Celebrex and Viagra, as well as promising compounds endowed 

with different activities such as analgesic,[29] anti-inflammatory,[30] 

antipyretic,[31] antidepressant,[32] antibacterial,[33] antimicrobic,[34] 

and anti-cancer.[35] Within anti-tumour therapeutic area, a 

number of pyrazole derivatives proved to be potent and selective 

inhibitors of protein kinases, a class of enzyme that, through the 

phosphorylation of different substrates, plays a pivotal role in cell 

cycle.[36] Therefore, the chemical studies focused on both the 

development of novel procedures and the improvement of the 

existing protocols for the preparation and functionalization of 

pyrazoles are of certain interest in the field of medicinal 

chemistry.[37]  

Owing to our interest in the development of diversity-oriented 

syntheses,[38] we focused our investigation on the reactivity of 

ketene aminothioacetals as representative structures of push-

pull olefins (Scheme 1). The X and Y substituents represent the 

"pull"-terminus whereas the NHR and SMe groups constitute the 

"push" terminus. The push-pull intermediates were obtained by 

condensing active methylene reagents (AMRs) with 

isothiocyanates and were further modified leading to the 

formation of highly substituted pyrazoles 1-29 (Scheme 1). The 

developed synthetic methodology was based on both the 

synthetic and pharmaceutical attractiveness of the final 

procedure.  

Results and Discussion 

Chemistry 

The synthesis of pyrazoles 1-29 (Scheme 1) was carried out by 

a sequential, one-pot procedure. Briefly, the reaction between 

AMRs and isothiocyanates in the presence of sodium hydride in 

anhydrous DMF led to the corresponding N,S-ketene thioacetal 

salts E- that were methylated “in situ” with iodomethane, 

affording the formation of the S-methyl, N-ketene acetal F 

(Scheme 1). These intermediates were then condensed “in situ” 

with anhydrous hydrazine to afford the regioselective formation 

of the desired 3,4,5-tri-substituted pyrazoles 1-29 (Scheme 1). 

The selected building blocks (Chart 1) were characterized by a 

high molecular diversity and include cyclic and linear AMRs as 

well as aliphatic and aromatic isothiocyanates. 
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Scheme 1. Synthesis of 3,4,5-trisubstituted pyrazoles; Reaction Conditions: 
(a) RNCS, NaH, DMF, rt. (b) MeI. (c) NH2NH2 anhydrous, 100 °C. 

 
  

X Y  R 

COOMe CN  C6H11 
COOEt CN  CH2Ph 
COOMe COMe  Ph 
COOEt COPh  2-,3-,4-NO2Ph 
COOEt CO(4-NO2)Ph  2-,3-,4-OMePh 

CONH2 CN   
CN CN   
CN COCMe3   
CN COPh   
CN CO(3-Br)Ph   
CN CO(4-F)Ph   
CN CO(4-Cl)Ph   
CN CO(4-Br)Ph   
CN 2-thenoyl   
COPh COPh   

OO  

  

SO2Me CN   
SO2Ph CN   
SO2(4-Me)Ph CN   

 

Chart 1. Selected AMR and isothiocyanate building blocks 

 

The combination of the selected building-blocks led to the 

preparation of a library of twenty-nine pyrazoles in overall yields 

ranging from 15% to 82 % (Table 1). The modular character of 

the synthesis allowed the independent variation of AMRs and 

isothiocyanates and therefore a wide variety of functional groups 

with different electronic and steric properties can be inserted at 

positions 3, 4 and 5 of the pyrazole ring. As reported in Table 1, 

some of the prepared pyrazoles were already described in 

literature.[39-49] However, none of them was obtained via a one 

pot procedure. In fact, the majority of the already published 

pyrazoles were synthesized through a 4-steps procedure which 

involved: i) the condensation of the proper AMRs with carbon 

disulfide, ii) the S-methylation of the corresponding ketene 

dithioacetal; iii) the displacement of the S-methyl group with the 

proper aniline; iv) the cyclization reaction with 

hydrazine.[39,40,41,43] Even in those cases where a similar reaction 

sequence was used (10, 14, 20 and 26) and/or the multi-step 

method led to higher pyrazole yields (7, 10, 14, 15, 20 and 26) 

our procedure represents a cheaper alternative either in terms of 

time (a unique final purification step is required) or cost (solid 

phase is more expensive).  

As emerged by the 1H-NMR spectroscopic analysis of pyrazoles 

1-29, the adopted synthetic procedure was highly regioselective 

allowing the isolation of a unique pyrazole isomer. In particular, 

we observed that the hydrazinic amine group reacted selectively 

with X or Y, in the cyclization reaction (Scheme 2). Thus, when 

X = COOR and Y = CN, the hydrazinic amine group attacks the 

nitrile group (Scheme 2A), leading to the unique isolation of the 

3-aminopyrazole derivative. Conversely, when X = CN or COOR 

and Y = COR, the cyclization reaction occurs on the ketone even 

in the presence of a pronounced steric hindrance (e.g. t-Bu). 

(Scheme 2B). These observations allowed to outline the 

following reactivity trend for the cyclization reaction: keto > 

cyano > ester.  
 

 

Scheme 2. Regioselectivity and proposed mechanism for the cyclization 
reaction  

Antiproliferative assay 

The antiproliferative properties of compounds 1-29 were 

assessed on a panel of tumour cell lines (breast cancer: MCF7, 

MDA-MB231, SK-BR3; melanoma: SKMEL-28; ovarian cancer: 

SKOV-3; liver cancer: Hep-G2; cervical cancer: HeLa; lung 

cancer: A549) by MTT assay (Table 2). Under the same 

conditions, the prepared pyrazoles were tested for their 

cytotoxicity in normal human fibroblasts GM-6114. Cisplatin was 

used as reference drug. All tested derivatives were assayed at a 

fixed concentration (10 µM). Pyrazoles 1-29 proved to be 

ineffective (growth percentage higher than 50%) against the 

proliferation of MCF7, MDA-MB231, SKOV-3, HepG2 and A549 

cells. Conversely, derivatives 21-23, sharing a 4-halosubstituted 

phenyl ring at position 3 and a nitrile group at position 4, showed 

significant antiproliferative activity against SKMEL-28 melanoma 

cell line with growth inhibition percentage values similar to that 

determined for cisplatin. Interestingly, this substitution pattern 

led to effective compounds against HeLa cells (derivatives 18, 

21-23, Table 2), being pyrazole 23 the most active derivative 

(growth percentage 34.5%). Additionally, 3-phenyl-4-

carboxyethyl pyrazole 12, bearing a different substituent at 

position 4 (COOEt vs CN), showed similar antiproliferative 

properties to its 3-phenyl-4-cyano analogues against HeLa cells, 

thus indicating the relevance of the aromatic substituent on the 

heterocyclic core. Finally, derivative 23 was active against SK-

BR3 breast cancer cell line. Differently from the reference 

compound, all the active derivatives against tumor cell lines 

were devoid of any cytotoxicity against normal fibroblasts GM-

6114, supporting a specific mechanism of action towards 

mutated cells.   

 

Docking simulations 

The prevalent antiproliferative activity of pyrazole analogues 21-

23 against SKMEL-28 and HeLa cells prompted us to evaluate 

the ability of these compounds to bind ER receptors. 

Interestingly, cervical cancer HeLa cell proliferation was 

increased by estradiol[50] thus demonstrating a relationship 

between estrogens and cell growth. Epidemiological data 

indicated that estrogens are involved in malignant melanoma as 

demonstrated by the higher survival rate in women with 

metastatic disease versus men and in premenopausal versus 

postmenopausal patients.[51] Moreover, both in vitro and in vivo 
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studies showed that estrogens directly influence malignant 

melanoma tumour growth,[52] especially through the binding of  
estrogen receptor beta, whose activation determines an 

antiproliferative effect.[53] 
 

Table 1. List of key-intermediates F and pyrazoles 1-29. 

 

      Overall yield (%) 

Intermediate F X Y Pyrazole cpd Y’ R One-pot Stepwise[c] 

I COOMe CN 1 NH2 C6H11 42  

II COOMe CN 2 NH2 CH2Ph 55  

III COOMe CN 3[b] NH2 Ph 82 76[43] 

IV[a] COOMe CN 4 NH2 (2-NO2)Ph 72  

V COOMe CN 5[b] NH2 (2-OMe)Ph 65 55[43] 

VI COOMe CN 6 NH2 (3-NO2)Ph 58  

VII COOMe CN 7[b] NH2 (3-OMe)Ph 21 40[43] 

VIII COOMe CN 8 NH2 (4-NO2)Ph 63  

IX COOMe CN 9[b] NH2 (4-OMe)Ph 53 33[43] 

X COOEt CN 10[b] NH2 Ph 37 53[46] 

XI[a] COOMe COMe 11[b] Me Ph 42 NR[45] 

XII[a] COOEt COPh 12[b] Ph Ph 67 NR[45] 

XIII[a] COOEt CO(4-NO2)Ph 13[b] (4-NO2)Ph Ph 30 NR[45]  

XIV CONH2 CN 14[b] NH2 Ph 15 51[47] 

XV CN CN 15[b] NH2 Ph 65 66[47] 

XVI CN COt-Bu 16 t-Bu Ph 47  

XVII CN COPh 17[b] Ph Ph 72 48[48] 

XVIII[a] CN CO(3-Br)Ph 18 (3-Br)Ph Ph 32  

XIX[a] CN CO(4-F)Ph 19 (4-F)Ph Ph 33  

XX CN CO(4-Cl)Ph 20[b] (4-Cl)Ph Ph 68 98[39] 

XXI[a] CN CO(4-Cl)Ph 21 (4-Cl)Ph (4-NO2)Ph 63  

XXII[a] CN CO(4-Cl)Ph 22 (4-Cl)Ph (4-OMe)Ph 54  

XXIII CN CO(4-Br)Ph 23 (4-Br)Ph Ph 73  

XXIV CN S

O   
24 

S  
Ph 79 

 

XXV COPh COPh 25 Ph Ph 54  

XXVI 

            OO  

26[b] O

  

Ph 39 
43[43] 

XXVII SO2Me CN 27 NH2 Ph 62  

XXVIII SO2Ph CN 28 NH2 Ph 73  

XXIX SO2(4-Me)Ph CN 29[b] NH2 Ph 76 NR[49] 

[a] Unreported B intermediates. [b] Pyrazoles reported in literature, obtained in a stepwise fashion. [c] NR = not reported. 

 

  

Figure 2. A) ER-23 docking complex. The ligand is coloured orange. B) 

Ligplot of ER-23 docking complex C) ER-23 docking complex. The ligand is 

coloured green. D) Ligplot of ER-23 docking complex. 

Additionally, a number of tri- or tetra-substituted isoxazoles,[54] 

imidazoles,[54] furans,[55] thiophenes[56] and pyrazoles,[57] were 

identified as potent ER ligands. These derivatives are 

characterized by a central heteroaromatic scaffold diaryl-

substituted at alternate positions. Similarly, compounds 21-23 

bear the central pyrazole core substituted at position 3 and 5 

with aromatic substructures. Supported by this evidence, 

docking simulations (Autodock4.2) were carried out to predict 

the binding mode of 23 (identified as the most promising 

compound of the series) in estrogen receptor (ER) alpha and 

beta binding sites. In the ER-23 docking model, the ligand 

would assume an extended conformation with the exocyclic NH 

group forming a hydrogen bond with Gly521 carbonyl oxygen 

(Figures 2A,B). The complex would be further stabilized by van 

der Waals interactions between N-phenyl ring and Met343, 

Met421, Ile424, His524 side chain and Leu525 main chain. 

Additionally, the nitrile group would be in contact with Leu525 

side chain and the pyrazole nitrogen atoms would interact with 

Met388, Ile424 and Gly521. Finally, the p-bromophenyl ring 

would be in contact with Leu387, Met388 and Phe404. The 

calculated Ki value for ER-23 complex is 5.5 M. 
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The calculated Ki value for ER-23 docking model is 7.5 M, 

thus indicating a preferential binding of the ligand for ER. 

Similarly to what has been predicted for ER-23 complex, the 

ER-23 complex would be mainly stabilized by a hydrogen bond 

between the exocyclic NH group and Leu298 carbonyl oxygen 

(Figures 2C,D). Additional stabilization to the complex would be 

provided by the interactions between the N-phenyl ring and 

Leu301, Ala302, Glu305, Leu339, Arg346 and Phe356. 

Furthermore, the CN group would be in contact with Thr299, 

Ala302 and Leu476 and the pyrazole scaffold would interact with 

Leu298 and Phe356 side chains. The 4-bromophenyl system 

would interact with Ile373, His475, Leu476 and Met479 through 

van der Waals contacts. 

 

Table 2. Antiproliferative activity of pyrazoles against different tumour cell lines. 

 Mean growth percentage[a] 

Cpd MCF7 MDA-MB231 SK-BR3 SKMEL28 SKOV3 Hep-G2 A549 HeLa GM-6114 

1 111.73 101.25 91.74 102.68 99.09 99.14 109.71 82.77 84.07 

2 109.77 98.51 90.51 102.05 97.80 99.88 109.73 90.99 84.85 

3 113.04 103.90 80.53 100.24 104.93 92.68 109.76 93.42 82.06 

4 76.98 92.94 75.09 79.59 98.22 54.25 101.59 38.44 80.06 

5 104.42 107.25 91.51 101.58 113.29 96.43 121.76 104.18 91.68 

6 118.02 96.27 87.09 99.14 113.55 103.63 115.23 103.22 86.73 

7 105.16 101.08 94.39 98.75 110.42 104.49 121.63 102.82 88.52 

8 99.39 77.54 91.49 102.25 79.39 96.76 114.14 58.66 75.98 

9 102.44 99.67 88.05 98.28 102.03 103.92 113.40 97.88 90.90 

10 104.40 108.66 88.66 107.75 115.06 87.80 120.52 88.45 83.38 

11 111.03 111.53 102.68 97.24 109.61 98.90 107.27 106.46 101.14 

12 71.70 77.27 104.23 74.08 83.07 79.44 59.76 45.79 69.40 

13 121.59 116.85 88.66 120.64 110.01 107.32 90.70 61.78 89.02 

14 96.32 105.45 91.36 102.42 101.73 103.47 118.51 92.75 93.06 

15 104.45 104.99 92.46 89.00 103.69 103.73 108.76 94.65 89.55 

16 102.41 117.39 86.76 94.36 105.99 95.19 112.09 99.25 81.62 

17 108.73 116.10 76.28 95.28 104.12 99.45 114.23 106.31 91.05 

18 70.46 77.27 76.12 52.27 73.68 67.55 57.73 44.96 77.77 

19 101.67 113.86 80.62 98.49 106.25 111.32 114.80 85.46 95.85 

20 71.13 90.80 64.98 71.71 62.11 102.37 61.03 77.10 94.91 

21 79.33 61.45 79.83 46.94 67.66 54.37 55.33 43.57 62.98 

22 88.35 72.41 55.91 44.36  69.32 54.13 52.44 43.99 69.62 

23 60.80 63.69 45.54 43.75 53.51 51.81 52.01 34.51 66.65 

24 99.74 106.06 77.86 94.19 98.12 104.77 111.75 94.35 85.35 

25 117.65 120.40 99.30 114.61 115.31 113.18 106.46 100.84 84.10 

26 85.23 84.12 80.82 53.57 80.26 58.86 59.85 68.30 82.47 

27 97.61 105.07 93.60 106.18 104.10 106.24 115.07 98.83 89.36 

28 110.32 115.27 96.36 106.61 117.57 110.81 122.08 85.04 95.85 

29 115.17 117.02 96.05 112.07 118.49 110.26 126.76 95.92 94.00 

Cisplatin 72.74 86.07 70.59 44.40 36.83 38.07 59.09 29.33 39.52 

[a] Data mean values for three separate experiments. Variation among triplicate samples was less than 10% 

. 

Conclusion 

A series of highly substituted pyrazole derivatives has been 

synthesized through an unprecedented one-pot, regioselective 

procedure. The developed synthetic method proved to be 

versatile as demonstrated by the different substituents 

decorating the pyrazole scaffold of derivatives 1-29. The 

prepared compounds were tested in cell-based assay for their 

cytotoxicity against a panel of nine cell line. Derivatives 21-23 

emerged to be specifically active against SKMEL-28 

(melanoma) and HeLa (cervical cancer) cells without altering the 

growth of normal fibroblasts GM-6114. As melanoma and 

cervical cancer are estrogen dependent tumours and active 

compounds 21-23 share common chemical feature with 

estrogen receptor ligands, docking simulations were carried out 

to assess the binding affinity of 23 (the most active derivative of 

the series) towards ER and ER. The computational results 

predicted for 23 micromolar Ki values for both receptors, thus 

indicating ER as a potential target for the activity of this class of 

pyrazoles. On this basis, future studies will aim to validate the 

docking results and further develop SARs to increase the 

antiproliferative activity of this series of derivatives. 

Experimental Section 

Chemistry 

Commercially available active methylene reagents, 

isothiocyanates, hydrazine hydrate and reagents (55% sodium 

hydride dispersion in mineral oil, iodomethane) were purchased 

by Alfa-Aesar and Sigma-Aldrich. 4-Bromobenzoylacetonitrile, 3-
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bromobenzoylacetonitrile, 4-fluorobenzoylacetonitrile were 

prepared according to the published procedure.[58] DMF was 

reagent grade and was dried on molecular sieves (5Å 1/16" inch 

pellets). Unless otherwise stated, all commercial reagents were 

used without further purification. Organic solutions were dried 

over anhydrous sodium sulphate. Thin layer chromatography 

(TLC) system for routine monitoring the course of parallel 

reactions and confirming the purity of analytical samples 

employed aluminum-backed silica gel plates (Merck DC-

Alufolien Kieselgel 60 F254). Neat DCM or DCM/methanol (9:1) 

mixture were used as a developing solvent and detection of 

spots was made by UV light and/or by iodine vapors. The 

parallel solution phase chemistry was performed by using a 12-

Carousel Reaction StationTM (Radleys Discovery Technologies, 

Italian distributor: StepBio, Bologna). The evaporation of 

solutions in parallel fashion was performed with an EvaposelTM 

apparatus (Radleys Discovery Technologies, Italian distributor: 

StepBio, Bologna) operating at reduced pressure of about 15-20 

Torr. Melting points were determined on a Fisher-Johns 

apparatus and are uncorrected. 1H NMR and 13C NMR spectra 

were recorded on a Varian Gemini or JEOL JNM-ECZR 

instrument; chemical shifts were reported in  (ppm) units 

relative to the internal reference tetramethylsilane, and the 

splitting patterns were described as follows: s (singlet), bs 

(broad singlet), d (doublet), t (triplet), q (quartet) and m 

(multiplet). The first order values reported for coupling constants 

J were given in Hz. Elemental analyses were performed by an 

EA1110 Analyzer, Fison Instruments (Milan).  

 

General parallel synthetic procedure for the preparation of 

Pyrazoles 1-29.  

In each reaction tube of a Carusel Reaction StationTM a solution 

of the active methylene reagent (10 mmol) in dry DMF (10 ml) 

was poured and a 55% sodium hydride dispersion in mineral oil 

(10 mmol) was added under stirring at rt. After 45 minutes the 

proper isothiocyanate (10 mmol) was added in a single portion. 

Each reaction mixture was stirred for 1 h at rt, then iodomethane 

(10 mmol) was added. In many cases a gelatinous precipitate 

was observed. After 3 hs, the reaction mixture was treated with 

freshly distilled anhydrous hydrazine (25 mmol) at rt and heated 

at 95-100°C for 4 hs. Each reaction was transferred into a set of 

separating funnels, diluted with water (150 mL) and extracted 

with ether or dichloromethane (30 mL x 3). The combined 

extracts were washed with water (30 mL x 5), dried and filtered. 

Evaporating in vacuo gave a residue that was purified by 

crystallization from the suitable solvent or solvent mixture. 

Methyl 3-amino-5-(cyclohexylamino)-1H-pyrazole-4-carboxylate 

(1). Mp 120-122°C (Ether-Ligroin 1:1); Yield: 42%. 1H NMR (400 

MHz, DMSO-d6):  1.13-1.91 (m, 10H, cyclohexyl.); 3.65 (s, 3H, 

CH3O); 4.97 (bs, 1H, NH phenyl., exchangeable); 5.80 (bs, 2H, 

NH2, exchangeable); 10.51 (bs, 1H, NH pyraz., exchangeable). 
13C NMR (101 MHz, DMSO-d6): δ 164.67; 154.04; 150.86; 

81.01; 50.36; 49.92; 32.84; 25.36; 24.44. Calcd for C11H18N4O2 : 

C= 55.45; N= 23.51; H= 7.61. Found: C= 55.55; N= 22.44; H= 

7.60. 

Methyl 3-amino-5-(benzylamino)-1H-pyrazole-4-carboxylate (2). 

Mp 173-175°C (Ether); Yield: 55%. 1H NMR (400 MHz, DMSO-

d6):  3.66 (s, 3H, CH3O); 4.33 (d, 2H, CH2); 5.85 (bs, 2H, NH2, 

exchangeable); 7.22-7.32 (m, 5H, arom. H + NH phenyl., 

exchangeable); 10.58 (bs, 1H, NH pyraz., exchangeable). 13C 

NMR (101 MHz, DMSO-d6): δ 164.60; 151.00; 128.17; 127.16; 

126.55; 81.12; 49.93; 45.67. Calcd for C12H14N4O2: C= 58.53; N= 

22.75; H= 5.73. Found: C= 58.32; N= 23.07; H= 5.94. 

Methyl 3-amino-5-anilino-1H-pyrazole-4-carboxylate (3). Mp 

191-193°C (DCM-MeOH 2:1); Yield: 82%. 1H NMR (400 MHz, 

DMSO-d6):  3.75 (s, 3H, CH3O); 6.07 (bs, 2H, NH2, 

exchangeable); 6.79-6.82 and 7.20-7.24 and 7.53-7.55 (m, 5H, 

arom. H); 7.99 (bs, 1H, NH phenyl., exchangeable); 11.04 (bs, 

1H, NH pyraz., exchangeable). 13C NMR (101 MHz, DMSO-d6): 

δ 164.71; 150.78; 150.15; 141.59; 128.70; 119.34; 116.21; 

81.60; 50.33. Calcd for C11H12N4O2: C= 56.89; N= 24.12; H= 

5.21. Found: C= 57.26; N= 23.80; H= 5.63. 

Methyl 3-amino-5-[(2-nitrophenyl)amino]-1H-pyrazole-4-

carboxylate (4). Mp 294-296°C (DCM-MeOH 2:1); Yield: 72%. 
1H NMR (200 MHz, DMSO-d6):  3.82 (s, 3H, CH3O); 6.25 (bs, 

2H, NH2, exchangeable); 7.00-7.67 and 8.21-8.92 (m, 4H, arom. 

H), 11.12 (bs, 1H, NH phenyl., exchangeable); 11.50 (bs, 1H, 

NH pyraz., exchangeable.). Calcd for C11H11N5O4: C= 47.66; N= 

25.26; H= 4.00. Found: C= 47.64; N=24.89; H=4.66. 

Methyl 3-amino-5-[(2-methoxyphenyl)amino]-1H-pyrazole-4-

carboxylate (5). Mp 226-228°C (DCM-MeOH 2:1); Yield: 65%. 
1H NMR (200 MHz, DMSO-d6):  3.75 (s, 3H, CH3O); 3.88 (s, 

3H, CH3O phenyl.); 6.07 (bs, 2H, NH2, exchangeable); 6.70-7.00 

and 8.19-8.22 (m, 4H, arom. H); 8.51 (bs, 1H, NH phenyl., 

exchangeable); 11.06 (bs, 1H, NH pyraz., exchangeable). Calcd 

for C12H14N4O3: C= 54.96; N= 21.36; H= 5.38. Found: C= 54.81; 

N=20.98; H=5.24. 

Methyl 3-amino-5-[(3-nitrophenyl)amino]-1H-pyrazole-4-

carboxylate (6). Mp 271-273°C (DCM-MeOH 2:1); Yield: 58%. 
1H NMR (200 MHz, DMSO-d6):  3.78 (s, 3H, CH3O); 6.21 (bs, 

2H, NH2, exchangeable); 7.42-7.78 (m, 4H, arom. H); 8.85 (bs, 

1H, NH phenyl., exchangeable); 11.05 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C11H11N5O4: C= 47.66; N= 25.26; H= 

4.00. Found: C= 47.82; N=24.76; H=3.70. 

Methyl 3-amino-5-[(3-methoxyphenyl)amino]-1H-pyrazole-4-

carboxylate (7). Mp 184-186°C (DCM-MeOH 2:1); Yield: 21%. 
1H NMR (200 MHz, DMSO-d6):  3.73 (s, 3H, CH3O); 3.74 (s, 

3H, CH3O phenyl.); 6.09 (bs, 2H, NH2, exchangeable); 6.32-6.45 

and 6.93-7.19 and 7.28-7.37 (m, 4H, arom. H); 8.01 (bs, 1H, NH 

phenyl., exchangeable); 11.08 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C12H14N4O3: C= 54.96; N= 21.36; H= 

5.38. Found: C=54.71; N=21.13; H=5.36. 

Methyl 3-amino-5-[(4-nitrophenyl)amino]-1H-pyrazole-4-

carboxylate (8). Mp 280-282°C (DCM-MeOH 2:1); Yield: 63%. 
1H NMR (200 MHz, DMSO-d6):  3.77 (s, 3H, CH3O); 6.23 (bs, 

2H, NH2, exchangeable); 7.70-7.85 and 8.10-8.8.22 (m, 4H, 

arom. H); 8.75 (bs, 1H, NH phenyl., exchangeable); 11.41 (bs, 

1H, NH pyraz., exchangeable). Calcd for C11H11N5O4: C= 47.66; 

N= 25.26; H= 4.00. Found: C= 48.00; N=24.96; H= 4.36. 

Methyl 3-amino-5-[(4-methoxyphenyl)amino]-1H-pyrazole-4-

carboxylate (9). Mp 136-138°C (Ether-DCM 1:1); Yield: 53%. 1H 

NMR (200 MHz, DMSO-d6):  3.70 (s, 3H, CH3O); 3.80 (s, 3H, 

CH3O phenyl.); 6.08 (bs, 2H, NH2, exchangeable); 6.70-7.05 and 

7.35-7.70 (m, 4H, arom. H); 7.88 (bs, 1H, NH phenyl., 

exchangeable); 11.00 (bs, 1H, NH pyraz., exchangeable). Calcd 

for C12H14N4O3: C= 54.96; N= 21.36; H= 5.38. Found: C= 54.90; 

N=21.45; H=5.62. 
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Ethyl 3-amino-5-anilino-1H-pyrazole-4-carboxylate (10). Mp 170-

172°C (DCM-MeOH 2:1) (Litt.:178°C-MeOH); Yield: 37%. 1H 

NMR (200 MHz, DMSO-d6):  1.32 (t, J = 7.8 Hz,  3H, CH3); 

4.30 (q, J = 7 Hz, 2H, CH2O); 6,02 (bs, 2H, NH2, exchangeable); 

6.61-8.27 (m, 6H, arom. H + NH phenyl.); 11.40 (bs, 1H, NH 

pyraz., exchangeable). Calcd for C12H14N4O2: C= 58.53; N= 

22.75; H= 5.73. Found: 58.53; N= 22.69; H= 6.10. 

Methyl 5-anilino-3-methyl-1H-pyrazole-4-carboxylate (11). Mp 

191-193°C (Ether); Yield: 42%. 1H NMR (400 MHz, DMSO-d6): 

 2.39 (s, 3H, CH3); 3.79 (s, 3H, CH3O); 6.82-6.85 and 7.23-7.27 

and 7.56-7.58 (m, 5H, arom. H); 8.19 (bs, 1H, NH phenyl., 

exchangeable); 12.47 (bs, 1H, NH pyraz., exchangeable). 13C 

NMR (101 MHz, DMSO-d6): δ 165.18; 152.86; 142.71; 141.47; 

128.81; 119.62; 116.27; 95.75; 50.96; 11.57. Calcd for 

C12H13N3O2: C=62.33; N=18.17; H=5.67. Found: C=61.97; 

N=18.25; H=5.41. 

Ethyl 5-anilino-3-phenyl-1H-pyrazole-4-carboxylate (12). Mp 

155-157°C (DCM-MeOH 2:1); Yield: 67%. 1H NMR (400 MHz, 

DMSO-d6):  1.13 (t, J=7.1 Hz, 3H, CH3); 4.16 (q, J= 7.1 Hz, 2H, 

CH2O); 6.85-6.89 and 7.26-7.30 and 7.48-7.63 (m, 10H, arom. 

H); 8.45 (bs, 1H, NH phenyl., exchangeable). 13C NMR (101 

MHz, DMSO-d6): δ 164.49; 153.49; 144.74; 141.44; 129.45; 

129.32; 128.90; 127.94; 119.80; 116.37; 95.23; 59.63; 13.83. 

Calcd for C18H17N3O2: C=70.34; N=13.67; H= 5.58. Found: 

C=70.57; N=13.48; H=5.87. 

Ethyl 5-anilino-3-(4-nitrophenyl)-1H-pyrazole-4-carboxylate (13). 

Mp 165-167°C (DCM-MeOH 2:1); Yield: 30%. 1H NMR (400 

MHz, DMSO-d6):  1.15 (t, J= 7.1 Hz, 3H, CH3); 4.18 (q, J= 7.1 

Hz, 2H, CH2O); 6.86-6.90 and 7.27-7.31 and 7.62-7.92 and 

8.33-8.35 (m, 9H, arom. H) 8.43 (bs, 1H, NH phenyl., 

exchangeable); 12.48 (bs, 1H, NH pyraz., exchangeable). 13C 

NMR (101 MHz, DMSO-d6): δ 164.08; 153.68; 147.74; 142.45; 

141.27; 135.16; 130.90; 128.92; 123.04; 120.01; 116.49; 96.00; 

59.97; 13.79. Calcd for C18H16N4O4: C=61.36; N=15.90; H=4.58. 

Found: C=61.21; N=15.87; H=4.80. 

3-amino-5-anilino-1-pyrazole-4-carboxamide (14). Mp 212-

214°C (DCM-MeOH 2:1) (Litt.: 178°C-EtOH); Yield: 15%. 1H 

NMR (400 MHz, DMSO-d6):  5.84 (bs, 2H, NH2, 

exchangeable); 6.69 (bs, 2H, NH2 amide, exchangeable); 6.72-

6.76 and 7.16-7.34 (m, 5H, arom. H); 8.99 (bs, 1H, NH phenyl., 

exchangeable); 10.99 (bs, 1H, NH pyraz., exchangeable). 13C 

NMR (101 MHz, DMSO-d6): δ 166.65; 151.16; 147.73; 142.89; 

128.73; 118.61; 115.69; 86.06. Calcd for C10H11N5O: C= 55.29; 

N= 32.24; H= 5.10. Found: C=55.21; N=32.09; H=5.34. 

3-amino-5-anilino-1H-pyrazole-4-carbonitrile (15). Mp 209-211°C 

(DCM-MeOH 2:1) (Litt.: 194-195°C-EtOH); Yield: 65%. 1H NMR 

(200 MHz, DMSO-d6):  6.25 (bs, 2H, NH2, exchangeable); 

6.73-7.14 and 7.41-7.44 (m, 5H, arom. H); 8.31 (bs, 1H, NH 

phenyl., exchangeable); 11.12 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C10H9N5: C= 60.29; N= 35.15; H= 4.55. 

Found: C= 59.96; N= 35.03; H= 4.90. 

5-anilino-3-tert-butyl-1H-pyrazole-4-carbonitrile (16). Mp 183-

185°C (Ether-DCM 1:1); Yield: 47%. 1H NMR (400 MHz, DMSO-

d6):  1.38 (s, 9H, t-Bu); 6.75-6.83 (m, 1H, arom. H); 7.16-7.24 

(m, 2H, arom. H); 7.43-7.50 (m, 2H, arom. H); 8.56 (bs., 1H, NH 

phenyl., exchangeable); 12.60 (bs., 1H, NH pyraz., 

exchangeable). 13C NMR (101 MHz, DMSO-d6): δ 29.28; 32.64; 

77.12; 115.73; 116.66; 119.97; 129.12; 143.06; 154.11; 157.53. 

Calcd for C14H16N4: C= 69.97; N= 23.31; H= 6.71. Found: C= 

70.10; N= 23.23; H= 7.01. 

5-anilino-3-phenyl-1H-pyrazole-4-carbonitrile (17). Mp 219-

221°C (DCM-Ligroin 1:1); Yield: 72%. 1H NMR (400 MHz, 

DMSO-d6):  6.80-6.87 (m, 1H, arom. H); 7.20-7.29 (m, 2H, 

arom. H); 7.48-7.63 (m, 5H, arom. H); 7.79-7.86 (m, 2H, arom. 

H); 8.85 (bs, 1H, NH phenyl., exchangeable). 13C NMR (101 

MHz, DMSO-d6): δ 77.14; 115.05; 116.38; 119.78; 126.40; 

126.79; 128.71; 129.39; 130.27; 142.31; 146.39; 153.89. Calcd 

for C16H12N4: C= 73.83; N= 21.52; H= 4.65. Found: 74.16; N= 

21.76; H= 4.70. 

5-anilino-3-(3-bromophenyl)-1H-pyrazole-4-carbonitrile (18). Mp 

240-242°C (Ether-MeOH 2:1); Yield: 32%. 1H NMR (200 MHz, 

DMSO-d6):  6.58-8.28 (m, 9H, arom. H); 9.00 (bs, 1H, NH 

phenyl., exchangeable); 14.65 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C16H11BrN4: C= 56.66; N= 16.52; H= 

3.27. Found: C= 56.57; N= 16.59; H= 3.61. 

5-anilino-3-(4-fluorophenyl)-1H-pyrazole-4-carbonitrile (19). Mp 

229-231°C (DCM-MeOH 2:1); Yield: 33%. 1H NMR (200 MHz, 

DMSO-d6):  6.76-8.34 (m., 9H, arom. H); 8.98 (bs, 1H, NH 

phenyl., exchangeable); 14.25 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C16H11FN4: C= 69.06; N= 20.13; H= 

3.98. Found: C= 69.00; N= 19.76; H= 3.98. 

5-anilino-3-(4-chlorophenyl)-1H-pyrazole-4-carbonitrile (20). Mp 

240-242°C (DCM-MeOH 2:1); Yield: 68%. 1H NMR (400 MHz, 

DMSO-d6):  6.82-6.86 and 7.22-7.30 and 7.52-7.85 (m, 9H, 

arom. H); 8.85 (bs, 1H, NH phenyl., exchangeable); 9.23 (bs, 1H 

NH pyraz., exchangeable). 13C NMR (101 MHz, DMSO-d6): δ 

153.93; 145.17; 142.21; 134.89; 129.47; 128.67; 128.11; 125.60; 

119.82; 116.41; 114.81; 77.34. Calcd for C16H11ClN4: C= 65.20; 

N= 19.01; H= 3.76. Found: C= 64.93; N= 19.29; H= 3.88. 

3-(4-chlorophenyl)-5-[(4-nitrophenyl)amino]-1H-pyrazole-4-

carbonitrile (21). Mp >300°C (Ether-Ligroin 1:1); Yield: 63%. 1H 

NMR (400 MHz, DMSO-d6):  7.56-7.73 (m, 4H, arom. H); 7.81-

7.89 (m, 2H, arom. H); 8.13-8.21 (m, 2H, arom. H); 9.92 (bs, 1H, 

H phenyl., exchangeable). 13C NMR (101 MHz, DMSO-d6): δ 

84.35; 119.49; 120.62; 130.81; 133.51; 134.78; 140.38; 144.61; 

153.86. Calcd for C16H10ClN5O2: C= 56.57; N= 20.61; H= 2.97. 

Found: C= 56.34; N= 20.73; H= 3.11. 

3-(4-chlorophenyl)-5-[(4-methoxyphenyl)amino]-1H-pyrazole-4-

carbonitrile (22). Mp 272-274°C (DCM-MeOH 2:1); Yield: 54%. 
1H NMR (200 MHz, DMSO-d6):  3.73 (s, 3H, CH3O); 6.70-7.90 

(m, 8H, arom. H); 8.70 (bs, 1H, NH phenyl., exchangeable); 

13.23 (bs, 1H, H pyraz., exchangeable). Calcd for C17H13ClN4O: 

C= 62.87; N=17.25; H= 4.03. Found: C= 63.06; N= 17.41; H= 

4.24. 

5-anilino-3-(4-bromophenyl)-1H-pyrazole-4-carbonitrile (23). Mp 

256-258°C (Ether-MeOH 2:1); Yield: 73%. 1H NMR (200 MHz, 

DMSO-d6):  6.78-8.20 (m., 9H, arom. H); 8.95 (bs, 1H, NH 

phenyl., exchangeable); 14.55 (bs, 1H, NH pyraz., 

exchangeable). Calcd for C16H11BrN4: C= 56.66; N= 16.52; H= 

3.27. Found: C= 56.55; N= 16.32; H= 3.57.  

5-anilino-3-thien-2-yl-1H-pyrazole-4-carbonitrile (24). Mp 243-

245°C (Ether); Yield: 79%. 1H NMR (400 MHz, DMSO-

d6):  6.89-7.10 and 7.24-7.79 (m, 8H, arom. H); 8.86 (bs, 1H, 

NH phenyl., exchangeable); 9.20 (bs, 1H, NH pyraz., 

exchangeable). 13C NMR (101 MHz, DMSO-d6): δ 153.52; 
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141.28; 128.89; 128.14; 127.41; 121.65; 119.89; 116.64; 114.61; 

76.87. Calcd for C14H10N4S: C= 63.14; N= 21.04; H= 3.78; S= 

12.04. Found: C= 63.02; N= 21.23; H= 3.93; S= 11.76. 

(5-anilino-3-phenyl-1H-pyrazol-4-yl)(phenyl)methanone (25). Mp 

196-198°C (Ether-DCM 1:1); Yield: 54%. 1H NMR (400 MHz, 

DMSO-d6):  6.86-6.92 (m, 1H, arom. H); 7.03-7.10 (m, 2H, 

arom. H); 7.11-7.18 (m, 4H, arom. H); 7.22-7.37 (m, 6H, arom. 

H); 7.64-7.71 (m, 2H, arom. H); 9.07 (bs, 1H, NH phenyl., 

exchangeable); 13C NMR (101 MHz, DMSO-d6): δ 105.04; 

117.21; 120.51; 128.03; 128.51; 129.05; 129.28; 129.31; 129.48; 

129.64; 131.58; 139.55; 141.91; 146.31; 154.44; 192.57. Calcd 

for C22H17N3O: C= 77.86; N= 12.38; H= 5.05. Found: C= 77.86; 

N= 12.60; H= 4.97. 

3-anilino-6,6-dimethyl-2,5,6,7-tetrahydro-4H-indazol-4-one (26). 

Mp 275-277°C (EtOH) (Litt.: 274-277°C-EtOH); Yield: 39%. 1H 

NMR (400 MHz, DMSO-d6):  1.05 (s, 6H, CH3); 2.29 (s, 2H, 

CH2); 2.68 (s, 2H, CH2); 6.83-6.87 and 7.23-7.27 and 7.59-7.61 

(m, 5H, arom. H); 7.94 (bs, 1H, NH phenyl., exchangeable); 

12.45 (bs, 1H, NH pyraz., exchangeable). 13C NMR (101 MHz, 

DMSO-d6): δ 192.60; 150.00; 148.76; 141.31; 128.79; 119.85; 

116.37; 103.87; 51.30; 35.71; 34.06; 27.93.  Calcd for 

C15H17N3O: C= 70.56; N= 16.46; H= 6.71. Found: C=70.27; N= 

16.41; H= 7.10. 

4-(methylsulfonyl)-N5-phenyl-1H-pyrazole-3,5-diamine (27). Mp 

181-183°C (DCM-MeOH 2:1); Yield: 76%. 1H NMR (400 MHz, 

DMSO-d6):  3.11 (s, 3H, CH3); 5.93 (bs, 2H, NH2, 

exchangeable); 6.80-6.83 and 7.20-7.24 and 7.47-7.49 (m, 5H, 

arom. H); 7.39 (bs, 1H, NH phenyl., exchangeable); 11.31 (bs, 

1H NH pyraz., exchangeable). 13C NMR (101 MHz, DMSO-d6): 

δ 148.69; 147.69; 141.57; 128.69; 119.60; 116.39; 86.91; 44.82. 

Calcd for C13H18N4O2S: C= 47.61; N= 22.21; H= 4.79; S= 12.71. 

Found: C= 47.71; N= 22.43; H= 4.84; S=12.49. 

N5-phenyl-4-(phenylsulfonyl)-1H-pyrazole-3,5-diamine (28). Mp 

182-184°C (Ether-DCM 1:1); Yield: 72%. 1H NMR (400 MHz, 

DMSO-d6):  6.14 (bs, 2H, NH2, exchangeable); 6.82-6.86 and 

7.20-7.24 and 7.51-7.64 and 7.97-7.98 (m, 10H, arom. H); 7.46 

(bs, 1H, NH phenyl., exchangeable); 11.32 (bs, 1H, NH pyraz., 

exchangeable). 13C NMR (101 MHz, DMSO-d6): 148.69; 147.51; 

144.15; 141.31; 132.78; 129.39; 128.72; 125.26; 119.91; 116.63; 

86.84. Calcd for C15H14N4O2S: C= 57.31; N= 17.82; H= 4.49; S= 

10.20. Found: C= 57.19; N= 18.03; H= 4.36; S= 10.09. 

4-[(4-methylphenyl)sulfonyl]-N5-phenyl-1H-pyrazole-3,5-diamine 

(29). Mp 170-172°C (Ether); Yield: 76%. 1H NMR (200 MHz, 

DMSO-d6):  2.30 (s, 3H, CH3); 6.15 (bs, 2H, NH2, 

exchangeable); 6.72-8.17 (m, 10H, arom. H + NH phenyl., 

exchangeable); 11.28 (bs, 1H, NH pyraz., exchangeable). Calcd 

for C16H16N4O2S: C= 58.52; N= 17.06; H= 4.91; S= 9.76. 

Found: C= 58.33; N= 16.82; H= 4.82; S= 9.38. 

Biology  

MTT assay was performed using SKOV-3 (ovarian 

adenocarcinoma, ATCC, Manassas, VA); MCF-7 (breast 

adenocarcinoma, Biologic Bank and Cell Factory, IRCCS 

Policlinico San Martino, Genoa, Italy); Hep-G2 (hepatocellular 

carcinoma, ATCC, Manassas, VA); SK-MEL28 (skin melanoma, 

Biologic Bank and Cell Factory, IRCCS Policlinico San Martino, 

Genoa, Italy), GM-6114 (embryonic human fibroblast, ATCC, 

Manassas, VA); MDA-MB231 (breast adenocarcinoma, Biologic 

Bank and Cell Factory, IRCCS Policlinico San Martino, Genoa, 

Italy); HeLa (cervical adenocarcinoma, Biologic Bank and Cell 

Factory, IRCCS Policlinico San Martino, Genoa, Italy); SK-BR3 

(breast andenocarcinoma, Biologic Bank and Cell Factory, 

IRCCS Policlinico San Martino, Genoa, Italy); A549 (lung 

carcinoma, Biologic Bank and Cell Factory, IRCCS Policlinico 

San Martino, Genoa, Italy) cell lines. All cell lines were grown in 

DMEM (with 10% FBS, 2 mM Glutamine and 1% penstrep. All 

reagents were purchased from EuroClone, Milan, Italy) and 

incubated at 37 °C in 5% CO2 in a humidified environment. 

Briefly, all cell lines were plated in 96 well plates at an adequate 

number to reach 80%–90% of confluence at the end of the 

assay. 16 h after cell plating, compounds were dissolved in 

DMSO to give a 10 mM stock solution, diluted in growth medium 

and added at a final working concentration of 10 μM. After 48 h 

of incubation, 30 μL of MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide) at a concentration of 2 mg/mL 

in PBS, were added in each well. Then, after further 4 h of 

incubation, the surnatant was removed and 100 μL/well of 

DMSO were used to dissolve the Formazan precipitate that can 

be found in vital cells. After 20 min, the results were read at 570 

nm by means of a spectrophotometer. The results are 

expressed as percentage of the control samples in which the 

cells were incubated with the same amount of DMSO but without 

compounds. The assays were repeated three times. In each set, 

every single compound was tested six times. Means and 

standard deviations were calculated. 

Docking simulations 

The molecular structures of compound 23 was built by 

MOE2009.10 (builder module), parametrized by MMFF94x 

forcefield and its docking poses within ERα and ERb were 

calculated by Autodock 4.2.[59] After the removal of the water 

molecules and of the co-crystallized ligands, polar hydrogen and 

Gasteiger-Huckel charges were added to the crystal structures 

of ER alpha (PDB code 5TLD)[60]  and beta (PDB code: 2YLY).[61] 

The ligands root was defined automatically. A 60 × 60 × 60 Å 

grid (grid spacing 0.375 Å) was centered in the binding site of 

the ligands and electrostatic and affinity maps for each atom 

type of the ligand were calculated. The docking search was 

performed over 100 conformers using the Genetic Algorithm 

Local Search protocol as implemented in Autodock (population 

size: 50; rate of gene mutation: 0.02; rate of crossover: 0.8). The 

docking poses were clustered (rmsd: 2.0 Å) and the best 

conformation of the low energy highest populated cluster was 

selected as the binding conformation. Models analysis was 

carried out using the CCP4 program suite.[62] The calculations 

were run on a Linux PC (Intel® processor Core™ i7-2600 

CPU@3.40 GHz). 
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A one-pot, regioselective and versatile procedure was developed for the synthesis of a series of highly functionalized pyrazole 

derivatives. The prepared compounds were tested for their antiproliferative activity on a panel of tumour and normal cells. 5-anilino-4-

nitrile-3-phenyl pyrazoles emerged as the most promising derivatives and compound 23 selectively inhibited the growth of estrogen-

dependent SKMEL-28 and HeLa cells. Docking simulations calculated micromolar Ki values for the ER-23 and ER-23 complexes 

thus suggesting estrogen receptors as potential biological targets for this series of pyrazoles. 

 


