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b-Amino a,b-enones with dual nature of nucleophilic enamines and 
electrophilic enones are utilized as building blocks for the synthesis 
of a wide range of heterocycles.1 One of their notable transformations 
is the reaction with diazonium salts affording after final hydrolysis 
the corresponding 2-arylhydrazono-2-oxopropanals2 suitable for 
further synthesis of various diazines.3 The known reactions of 
pyrazole-5-diazonium salts 1 or diazopyrazoles 2 with amino 
enones bearing aliphatic,4(a),(b) aromatic4(a),(c),(d ) or heteroaromatic5–9 
substituents result in 3-substituted pyrazolo[5,1-c][1,2,4]triazines 3 
(Scheme 1). Due to the structural similarity with purines, these 
products can act as purine metabolites and thus revealed 
antimicrobial, antiviral, antidiabetic and antitumor activities.10

The mechanism of the reaction of pyrazole-5-diazonium 
salts 1 or diazopyrazoles 2 with amino enones still demands to 
be investigated. Since all attempts to isolate acyclic 
intermediates had failed,4(a) it was suggested that the reaction 
proceeded via [4 + 2] cycloaddition to form intermediates C–E 
(see Scheme 1). An alternative proposed mechanism comprised 
C-azo coupling with formation of intermediate A as a key step. 
Subsequent intramolecular cyclization (path  a)5(a),7,9 or 
hydrolysis to intermediate formyl derivative B and its 
cyclization (path  b)4(a),5(b),6(c) can explain the formation of 
product 3. However, none of the proposed intermediates has 
been isolated and/or characterized to support these mechanisms.
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The reaction of 4-dimethylamino-1,1,1-trifluorobut-3-en-2-
one with 3-arylpyrazole-5-diazonium salt in MeCN affords 
7-aryl-3-(trifluoroacetyl)pyrazolo[5,1-c][1,2,4]triazines. The 
transformation of relative 5-diazopyrazoles leads to 
4-hydroxy-1,4-dihydropyrazolo[5,1-c][1,2,4]triazine 
derivatives, while the reaction in acidic aqueous solution 
results in 4,4,4-trifluoro-3-oxo-2-(pyrazol-5-ylhydrazono)
butanals. 
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No examples of a,b-unsaturated trifluoromethyl ketones 
with participation in these transformations have been reported 
in spite of the fact that they represent good building blocks 
for the synthesis of various fluorinated heterocyclic 
derivatives.11 At present, the chemistry of organofluorine 
compounds is one of the most rapidly developing areas of 
organic chemistry.12,13 

We have developed preparative syntheses and investigated 
properties of some pyrazole-5-diazonium salts 1 and 5-diazo
pyrazoles 2.14–17 It was found that different substitution pattern 
in pyrazole ring resulted in various products of 5-aminopyrazoles 
diazotization, namely either of type 1 or 2. In   this work, the 
reaction of the diazotization products with 4-dimethylamino-
1,1,1-trifluorobut-3-en-2-one18 4 has been investigated.

In fact, pyrazole-5-diazonium tetrafluoroborates 1a–d react 
with amino enone 4 at room temperature in dry acetonitrile for 
1–2 h to form pyrazolo[5,1-c][1,2,4]triazines 3a–d in 62–73% 
isolated yields (Scheme  2). Compounds 3a–d turned to be 
moisture-sensitive and rapidly converted to the corresponding 
geminal diols 5a–d in the presence of traces of water from any 
medium. A model hydration of ketone 3a resulted in diol 5a in 
94% yield. In the recording of IR spectra, we observed only diols 
5 having broad adsorption bands at 3000–3400  cm–1 and no 
adsorption within the carbonyl region.

1H NMR spectra of compounds 3a–d contain no signals of 
dimethylamino group but contain singlets for aromatic C4 and C8 
atoms at 9.22–9.26 and 7.88–8.07  ppm, respectively. For 
hydrates 5a–d, the heterocyclic proton is shifted upfield by 
~0.2 ppm. As well, a broadened signal for the protons of the two 
hydroxyl groups appears at 8.02–8.07  ppm and vanishes after 
addition of CD3COOD. The 13C  NMR spectra of diols 5a–d 
contain quadruplets for the C(OH)2 moiety and the CF3 group at  
91.6–91.8 and 123.0–127.1  ppm, respectively, whereas the 
signals for the trifluoroacetyl fragment in ketone 3b are observed 
at 180.8 and 128.0 ppm. In the 19F NMR spectra,  the CF3 group 
resonates at –70.2 to –71.6 ppm for ketones 3a–d and at –81.7 
to –82.2 ppm for diols 5a–d.

We attempted to develop a one-pot version of this reaction in 
water since the diazotization stage is typically carried out under 
aqueous conditions. Herein, pyrazole-5-diazonium salts 1a–c,e 
were obtained from the corresponding 5-aminopyrazoles. The 
subsequent addition of amino enone 4 to these in situ obtained 
diazonium salts resulted in the corresponding hydrazones 6a–d 
in 52–61% total yields (Scheme 3) instead of anticipated bicyclic 

compounds 5. 1H  NMR spectra of compounds 6a–d contain 
broad singlets for the NH fragments of the pyrazole ring and the 
hydrazone group at 12.98–13.03 and 8.72–9.12  ppm, which 
disappear upon addition of CD3COOD. Signals of the 
trifluoromethyl group in the 19F  NMR spectra are observed 
at –77.5 to –77.8 ppm.

We performed monitoring of the reaction to detect compound 
3b using a TLC and 1H NMR spectroscopy. According to NMR 
data, intermediate A (see Scheme 1) was observed in the reaction 
mixture along with products 3b and 6b. These data confirm that 
bicyclic derivatives 3 are formed stepwise. At the first step, 
C-azo coupling of pyrazole-5-diazonium salts 1 takes place with 
formation of azo intermediate A. Next, the enamino fragment is 
hydrolyzed to formyl group affording intermediate B identical to 
hydrazones 6a–d obtained under acidic aqueous reaction 
conditions. The high rate of this hydrolysis can be explained by 
the additional acceptor group present in the molecule. At the 
final step, intermediate B undergoes an intramolecular cyclization 
with the formation of pyrazolo[5,1-c][1,2,4]triazines 3.

A different outcome was achieved in examination of the 
reaction of ethyl 5-diazopyrazole-4-carboxylate 2' with amino 
enone 4 in acetonitrile. Four products were detected in the 
reaction mixture, however, we succeeded to isolate only two of 
them, namely compounds 7 and 8 in 57 and 33% yields, 
respectively (Scheme 4).

Note that 1H  NMR spectra of the reaction mixture did not 
provided any evidence for the formation of hydrazone 6d even in 
trace amount. Most probably, the reaction of compounds 2' and 
4 proceeds as cycloaddition with intermediates C and D (see 
Scheme 1). The rate of this process is essentially low, which 
causes the formation of by-product 8 resulting from the N-azo 
coupling of diazopyrazole 2' with dimethylamine. The structure 
of triazene 8 was confirmed by spectral data and an alternative 
synthesis19 via the reaction of diazopyrazole 2' with dimethyl
amine. On the other hand, an NMR monitoring in DMSO-d6 at 
room temperature of the cyclization of compound 6d into 7 for 
eight days revealed the slow course of this process, namely 6d/7 
ratio was approached only 1 : 2 to the end of the experiment. At 
the same time, no dehydration of compound 7b into product of 
type 3 was detected.
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In summary, the comparative examination of the reactivity of 
pyrazole-5-diazonium salts 1 and 5-diazopyrazoles 2 with 
respect to fluorine-containing amino enone 4 revealed that the 
form of the diazo reactant had a significant impact on both the 
reaction rate and the structure of the products. The results 
obtained allowed us to elucidate the mechanism of these 
processes.
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