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ABSTRACT: Regio-specific and non-regiospecific condensation reactions on 1,3-dicarbonyl compounds rendered 1,3,5-trisubstituted
pyrazoles. Herein, the control.of regio-specificity was a significant improvement in pyrazole research. A high yield acylation of poorly
nucleophilic aryl amines, which resulted in mono- or diacylated products depending on the reaction conditions, is described. As a result, a library

of potentially bioactive compounds was obtained.
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Introduction

The pyrazole ring is present in many synthetic and pharmaceutical compounds possessing a wide range of biological

activities such as antimicrobial,”” antiviral® anti-inflammatory,” antihistaminic,”® pesticidal,"* antifungal,***®

14-16 18,19 20,21

anticonvulsant, antidepressant,’” antipyretic'®*® and anticancer properties. These bioactivities have inspired chemists

to synthesize substituted pyrazole systems to explore the usefulness of this heterocyclic template.

Among them, pyrazole carboxamide derivatives represent an attractive target not only from a synthetic point of view but
also because of the interesting biological properties they present. Some representative bioactive pyrazole carboxamides are
bixafen (Bayer Crop Science), a crop protection agent (Fig.1 a), 2 and the non-fluorinated pyrazol carboxamide SR-144528
which behaves as a MAPK inhibitor (Fig.1 c).? The 3-trifluoromethyl-1-methyl-pyrazole motif is also present in non-
nucleoside inhibitors of the measles virus RNA-dependent RNA polymerase complex (Fig.1 b).?
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Figure 1. Examples of bioactive pyrazole carboxamides.

The condensation of hydrazines with 1,3-dicarbonyl compounds is a classic method for constructing the 1H-pyrazole ring.
However, although excellent in terms of yield, the method suffers from poor regio-selectivity in many cases, depending on the
nature of the substrates and reaction conditions. Therefore, an adequate methodology for the synthesis of a particular regio-
isomer has been the objective of research for the last decades. Previous papers described reaction conditions that improved
regio-selectivity, but failed to establish a truly regio-specific reaction.> Herein, an unreported regio-specific variant of this
reaction to obtain 1-(tert-butyl)-1H-pyrazole-3-esters is described (Figure 2, Step I).

The obtained products were then functionalized to obtain 1-(tert-butyl)-1H-pyrazole-3-carboxamides® (Figure 2, Step I1).
The classic amine acylation technique proved inefficient against poorly nucleophylic aryl amines. Hence, we describe suitable
conditionsto afford high yields of carboxamides even when aryl amines have electron withdrawing groups in different
positions.

Figure 2. Main reactions in the present work.



Results and discussion
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Scheme 1. Condensation of pyrazole ring from different substrates.

Entry R Products Yield %
1 Methyl 2a0, 2af 34:66 (53)
2 2- Furyl 2ba. 100
3 Phenyl 2ca 73

Table 1. Substrate influence on the regio-selectivity of pyrazole condensation.

The condensation of the pyrazole ring from 1,3-dicarbonyl compounds was performed in ethanol at room temperature. A
regio-specific reaction was obtained when using compounds 1b-and 1c as starting materials, while the use of compound la
afforded a mixture of isomers (Table 1). Although the furyl- and phenyl-groups were likely to be responsible for this specific
condensation. Previous experience has, however, shown that compound 1b resulted in a mixture of isomers when reacted with
methyl hydrazine.'® Therefore, the sterical interaction -between the bulky tert-butyl and the furyl- and phenyl-groups might
play a crucial role in the orientation of the reaction.
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Scheme 2. Hydrolysis, oxidation and deprotection to obtain carboxylic acid derivatives.

In order to obtain the 1H-pyrazole-3-carboxylate, the ester group of 2b was hydrolysed in a 6M NaOH solution,
affording good yields. The 1H-pyrazole-5-carboxylate was obtained through oxidation of the furyl-group of 2b, a
previously reported reaction for similar compounds.*® Additionally, free N-H-pyrazoles can be obtained by deprotection of
the tert-butyl derivative, as exemplified for 5. In this case, heating to reflux in 1M HCI for 1h afforded compound 7 in

good yield® (Scheme 2).
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Scheme 3. Acylation of substituted aryl amines.

Entry Product  Ac:An R Ri R: Rs R; Rs Yield%
4 8 2:1 2-Furyl H H H H H 95
5 9 2:1 2-Furyl H H NO, H H 79
6 10 2:1 2-Furyl F F F F F 72
7 11 2:1 2-Furyl F H Br H F 55
8 12 2:1 2-Furyl H F F F H 95
9 13 2:1 2-Furyl F H F H F 90
10 14,17 2:1 2-Furyl Cl H Crs H <l 18,10
11 14 1:3 2-Furyl Cl H CF; H Cl 24
12 17 31 2-Furyl Cl H Cr, H Cl 97
13 15 211 Methyl H H H H H 92
14 16 2:1 Methyl H H NO, H H 74
15 18 211 Methyl F F F F F 55
16 19 2:1 Methyl Cl H CF; H Cl 71




17 20 2:1 Ethoxycarbonyl H H H H H 100
18 21 2:1 Ethoxycarbonyl H H NO, H H 80
19 22 2:1 Ethoxycarbonyl F F F F F 49
20 23 2:1 Ethoxycarbonyl Cl H CF; H Cl 98
21 24 21 Methyl H H H H H 60
22 25 21 Methyl H H NO, H H 81
23 26 21 Methyl F F F F F 48

Table 2. 1H-pyrazole-carboxamides obtained.

The reaction of compound 3, as acyl chloride derivative, with different aryl amines in the presence of pyridine was
completed after 20 h and afforded the corresponding 1H-pyrazole-3-carboxamide derivatives 8-13 in good yields. Also,
compounds 14 and 17 were obtained with varying yields, depending on the reaction conditions. The classic
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methodology,” " originally used to attach aliphatic amines to the acyl chloride, was not suitable to afford high yields
when aryl amines with electron withdrawing groups were used. When working with poorly nucleophilic aryl amines, an
excess of acyl chloride was found to improve yields significantly. The exceeding acyl chloride ensures an absolutely
anhydrous and favourable system for this reaction. The remaining unreacted compound 3 can be recovered. Also, the

reaction rates improved significantly when pyridine was used hoth as a solvent and catalyst.

Compounds 8-13 (Scheme 3) were obtained in good yields. Surprisingly, the use of [2,6-dichloro-4-
(trifluoromethyl)]-phenyl amine afforded two different products, 14 and 17. When a 2/1 acid/aryl amine relationship
was used, both products appeared, with the mono-acyl derivative 14 being predominant. In this case, 28.6 % of the aryl
amine (limitant reagent) reacted to obtain mono-acyl derivative 14, while the rest of the crude mixture did not react.
Then, mono-acyl (around 37%) reacted with a second acyl chloride of 3 to give diacyl derivative 17. The fact that the
acyl chloride is more prone to react with the mono-acyl derivative than the aryl amine is evident.

We obtained mono-acy! derivative 14 as the only product by using a 1/3 acid/aryl amine relationship, yielding 24 %
of the isolated product. As the yields show, the formation of 14 was unfavourable, which could be due to the inductive
effect of the chlorine atoms in the ortho-position of the aryl amine. But, unlike the other mono-acyl derivatives
obtained, the amide nitrogen of this product seems nucleophilic enough to attack a second carbonyl carbon
spontaneously. A similar case was previously reported* and the authors proposed a plausible mechanism that explains
this behaviour.

The following entries reproduce the reaction from different substrates affording analogous results except for

compound 18, the only case in which a pentafluoroaniline underwent double acylation.

Single crystals of compound 9 suitable for X-ray diffraction experiments were obtained by slow evaporation in PrOH.*
The crystal structure confirms the regio-chemistry with the tert-butyl group bonded to the nitrogen atom labelled N(11)
(Figure 3).



Figure 3. Ellipsoid plot of compound 9 (50% probability level) showing the labelling scheme. Carbon and hydrogen atom
labels have been omitted for clarity.

Conclusions

In this study, a novel case of regio-specific pyrazole ring condensations, presumably driven by a steric effect, are
reported. These findings are likely to facilitate the design of future reactions aiming at the obtention of specific
pyrazole regio-isomers. This reaction is environmentally-friendly, and has no special requirements other than the bulky
structure of some substituents.

Also, we developed convenient preparative procedures for the efficient synthesis of previously unknown 1-(tert-
butyl-1H-pyrazole-carboxamides. The optimized technique allows acylating almost any aryl amine with acceptable
yields, independent of the electrophilicity of their substituents.

The acylation of aryl amines resulted in mono- or diacylated products depending on the reaction conditions. These
results agree with previous findings, reinforcing current theories for the reaction mechanism.?"*

The above-described approach is well suitable for the construction of novel pyrazoles of potential pharmacological
interest. The newly synthesized compounds are bound to attract interest as potentially biologically active substances as

well as precursors and reagents for the design of complex poly-functional structures.
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Highlights
*We have found a regio-specific condensation of fertbutyl hydrazine with certain dicarbonilic compounds.

*We have developed a high yield acylation reaction for poorly nucleophilic aryl amines.
*The present work reports a wide library of new compounds with similar structures to commercial bioactives.
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