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A general approach to Kamination of pyrazoles, allowing the synthesis of previously inaccessible Naminopyrazoles with 
electron-acceptor substituents in the ring, has been proposed, consisting of treatment of the pyrazoles with hydroxylamine- 
Osulfonic acid in aqueous media at controlled pH depending on pK, of the pyrazole. 

A method has already been describedls2 for the N-amination 
of pyrazoles at the cyclic nitrogen atom by the acton of 
hydroxylamine-0-sulfonic acid (HOSA) in an aqueous alka- 
line solution. The method produces good results for alkyl- 
and aryl-substituted pyrazoles. However, we failed to expand 
this approach to pyrazoles containing electron-acceptor 
groups in the nucleus (NO2, CN, etc). Thus, with nitropyr- 
azoles as an example we found that amination of such 
compounds according to the known procedures, devised for 
N-amination of pyrazole and its alkyl- and aryl-substituted 
derivatives, either proceeds in very low yieldst or does not 
proceed at all. In our opinion, the reason for these failures is 
the fact that during the amination with HOSA in an alkali 
medium two processes are taking place: the amination of 
substrate (pyrazolate anions in our case) and the well-known 
hvdrolvtic decom~osition of HOSA under the action of an 

4 alkali. The presence of electron-acceptor substituents in the 
nucleus of pyrazoles leads to a decrease in nucleophilicity of 
their anions, while in the case of nitropyrazoles the a&na- 
tion rate seems to become lower than that of HOSA 
decomposition in the alkali medium. 

Hydrolysis of HOSA leads to consumption of hydroxyl 
ions,4 thus decomposition of HOSA in water can be retarded 
by lowering the pH of the reaction medium to a minimum 
acceptable level. This level is determined by the acidity at 
which the aminated pyrazole exists completely (or mostly) in 
the reactive anionic form. Nitropyrazoles have  acidit^ it^' 
sufficient to form anions at pH 7-1 1. We carried out reactions 
of the sodium salt of HOSA with sodium salts of 3-nitro-4- 
cyanopyrazole and 3,5-dinitro-4-chloropyrazole in an aqueous 
medium. The medium on mixing the reagents was nearly 
neutral. However, acidification of the medium then took place 
very quickly (5-10 min), and the pyrazoles transformed into 
the inactive NH-form, so N-aminopyrazoles did not form. 

As mentioned above, hydrolytic decomposition of HOSA 
occurs with consumption of hydroxyl ions; therefore, in the 
absence of excess alkali the hydrolysis of even a small fraction 
of HOSA leads to a decrease in pH, which in our case of an 
initially neutral solution causes rapid acidification of the 
reaction mixture. It was deduced from the results obtained that 
N-amination with HOSA should be carried out at a fixed 
optimum pH at which hydrolysis of HOSA occurs slower than 
N-arnination and at which the reaction mixture is not acidified. 

We have developed a procedure for N-amination in water 
at monitored solution pH. In this case the N-amination of 
pyrazoles bearing nitro- and other electron-acceptor groups 
in the pyrazole ring proceeds readily at 60 "C to give N- 
aminopyrazoles, chiefly in 45-95% yields, Scheme 1. 

As we have found, in order to achieve the highest yields of 
N-aminopyrazoles,§ the reaction mixture pH must be main- 

t Patent ) reports on N-amination of 4-nitropyrazole with HOSA in 
an alkali medium to form 1-amino-4-nitropyrazole in 13% yield. 
$ M.p. (from H20): 11 98 "C; 12a 132 "C; 13a 125 "C; 14a 149 "C; 
15a 290 "C; 16 256 "C; 17 201 "C; 18 213 "C; 19 135 "C; 20 122 "C. 
$ NaOH (0.8 g, 0.02 mol), 4-nitropyrazole (0.57 g, 0.005 mol) and 
HOSA (1.7 g, 0.015 mol) were added in a boric buffer (25 rnl) at pH 
1 1 .  The reaction mixture was heated for 4 h at 60 "C then cooled 
and extracted with Et20 (4x 15 ml). The ethereal extract was 
washed with a 5% aqueous solution of NaOH and then water. Ether 
was evaporated and the residue was crystallized from H20. Yield 
0.56 g (78%). 

I - 
N-N N-N. 

14bR=H;R1=N0,;#=t& 10 .20R=d=NOz;R1=~~  

Scheme 1 Reagents and conditions: i, H2NOS020H, HzO, pH 7-8 or 
10-11,4 h 

tained 1-2 units higher than the pKa of the pyrazole in order 
to be aminated. For the compounds 1-8 (pK, between 8 and 
11) the optimum pH is 10-11. For the more acidic 
compounds 9 and 10, the pH may be lowered to 7-8. 

In the case of unsymmetric pyrazoles 3-5, two isomers are 
formed (12a,b-15a,b), but in the case of similar unsymmetric 
6-9, only one isomer is formed (N-aminopyrazoles 16-19). 

All the compounds obtained were characterized by a 
combination of s ectral methods (IR and mass spectrometry 

P5 and 'H, I3c and N NMR spectroscopy). 
The method of N-amination of pyrazoles at monitored pH 

is a general method. For every pyrazole an optimum pH of 
the reaction mixture can be selected at which the amination 
proceeds faster than decomposition of HOSA, and at which 
N-aminopyrazole is formed in maximum yield. The amina- 
tion of alkyl- and aryl-substituted pyrazoles at high pKa 
(> 13) described in the literat~re',~ requires an excess of 
alkali to obtain a pH of not less than 14. In this case the 
high rate of N-amination causes the process to be successful, 
even in a strong alkali medium. 

Our data expand the range of pyrazoles that can be 
aminated to include the region of medium and low pKa values. 

The method developed is probably suitable for other NH- 
azoles. In fact, 4-nitro-1,2,3-triazole ( p ~ ,  = 4.8') is aminated 
with HOSA at pH 7 to form 1-amino- and 2-amino-4-nitro- 
1,2,3-triazoles in a total yield of ca. 40%. 
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