
HETEROCYCLIC NITRO COMPOUNDS. 

28.* I-(OXOALKYL)-3-NITRO-5-R-I,2,4-TRIAZOLES IN REACTIONS 

WITH HYDRAZINE AND HYDROXYLAMINE 

T. P. Kofman, Z. V. Kirpenko, 
and M. S. Pevzner 

UDC 547.792.1.9'873'892.07:543.422 

The reaction of l-(oxoalkyl)-3-nitro-5-R-l,2,4-triazoles with hydroxylamine and 
hydrazine takes place at the keto group to give azines and oximes (R = H, CH3), 
with reduction of the nitro group (R = NO2, hydroxylamine), or with participation 
of both reaction centers with annelation and conversion to triazolo[3,2-c]-l,2,4- 
triazines and -l,2,4-triazepines, depending on the character of the substituent 
in the 5 position of the triazole ring and the type of reagent. 

We have established that the reaction of ketones that are derivatives of 3-nitro-5-R- 
1,2,4-triazole (I-Vl) with hydrazine and hydroxylamine is determined by the character of 
the substituent in the 5 position of the heteroring. Depending on the ability of the sub- 
stituent to undergo substitution or reduction by these reagents, these transformations in 
the structure of the ketone take place at the keto group, at the ring C5 atom, or at both 
reaction centers simultaneously. 

Reactions exclusively at the keto group occur only when the substituent attached to 
C5 is absolutely inert to the action of nucleophilic reagents and reducing agents (R = H, 
CH~). Thus when ketones I, IV, and V are treated with hydrazine, they give azines VII-IX 
both in the case of catalysis by mineral acids or when they are absent. Azines are the 
only reaction products, regardless of the molar ratio of the reagents (N2H~/ketone = 1-20). 
We were unable to isolate the intermediate hydrazones (A), although their presence in the 
reaction mixture in the presence of a 20-fold excess of hydrazine was recorded in the PMR 
spectrum [1.73, s, 3H (CH3); 5.00, s, 2H (CH~), 6.10, s, 2H (NH=), and 8.8, s, IH (CH) for 
ketone I] in addition to an azine. The absence of hydrazones in the final reaction products 
can be explained by their high reactivities and their consumption in situ. 

In structures II, III, and Vl, which have a substituent in the 5 position that is 
capable of nucleophilic substitution (R = Br, NO2), the intermediate hydrazone is stabilized 
due to intramolecular cyclization with the elimination of the substituent and the formation 
of annelated systems (X-XIII). The reactions proceed similarly for hydrazine and methyl- 
hydrazine. Varying the solvent (water, alcohols, dioxane), the temperature (I0-90~ and 
the reagent ratio (N2H~/ketone = 0.5-20) and the introduction of acids in the reaction did 
not lead to the formation of other compounds in the reaction of ketones II and III with hy- 
drazines. Changes in the conditions affected only the yields of 1,2,4-triazolo[3,2-c]- 
1,2,4-triazines X and XI. An increase in the percentage of hydrazine in the reaction mix- 
ture led to the formation of l-(3-nitro-5-amino-l,2,4-triazol-l-yl)-butan-3-one hydrazone 
(XIV) along with two-ring system XII only in the case of butanone Vl. Compound XIV pre- 
dominates in the reaction products (more than 70%) when a tenfold (or greater) excess of 
hydrazine is used. It is the only product of the reaction of ketone VI at 25-30~ in 25% 
aqueous hydrazine in the presence of a 20-fold excess of the latter (the yield was 75-80%). 

The reaction in a homogeneous medium (ethanol, dioxane) and at increased temperature 
leads to a decrease in the yield of hydrazone XIV due to the realization of a reverse 
Michael reaction for starting ketone VI, which is unstable in an alkaline medium; this is 

*See [i] for Communication 27. 
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confirmed by the presence of 3,5-dinitro-l,2,4-triazole in the reaction products [deter- 
mined by thin-layer chromatography (TLC)]. 

The formation of XII and XIV from ketone Vl can be explained by the initial synthesis 
of hydrazone A (R = NO2;, the nitro group of which then undergoes reduction or intramolecu- 
lar substitution, according to the conditions (the hydrazine concentration). The nucleo- 
philic properties of hydrazine in this case are not manifested, and the formation of 5-hy- 
drazino derivatives of triazole, as noted in [2], is not observed. The introduction into 
the formation of only two-ring compounds (XI, XI!I), i.e., intramolecular substitution 
proves to be preferable. 

Reduction of the nitro group with hydrazine occurs only in the case of butanone VI. 
The similarly constructed propanone III under the conditions presented above also gives 
triazolo[3,2-c]-l,2,4-triazine X. The greater lability of the nitro group attached to C5, 
which is associated with the approach of the electron-acceptor oxo group to the reaction 
center, probably plays the deciding role in the direction of the reaction in this case. 

] (c .  ,);ccc~t~ ~N\(C.~),,CC c.~ �9 (c.~),, 

XV, XVi l-Vl 
t A 

IN.2o. 

XIV NNH2 XVll, XVIII NOt1 VII-IX CIIt3 J2 X-XII| 

I--III,  VII. X, XI, XV, EVil n=  I; IV--VI, VIII, IX, XII, XIII, XVi, XVIII n=2;  I, IV, 
VII, VIII, XVII, XVIII R=H; V, IX R=CH3; II R=Br; liT, VI R=NO2; X, XII RI=H; 

XI, Xlll t~I=CH3 

We were able to carry out the reduction of the nitro group in ketones Vl and III by 
treatment with a milder reducing agent, viz., hydroxylamine, which is simultaneously less 
basic. The selective course of the process with retention of the ketone structure (XV, 
XVI) is characteristic. We were also unable to obtain the oximes and hydrazones of l-(oxo- 
alkyl)-3-nitro-5-amino-l,2,4-triazoles XV and XVI in directed synthesis under the conditions 
that are standard for these reactions. 

At the same time ketones I and IV, which do not have an amino group in the 5 position, 
gives oximes XVIi and XVIII in ~70% yields when they are treated with a methanol solution 
of hydroxylamine. This fact can hardly be interpreted as being the result of a sharp de- 
crease in the electrophilicity of the carbonyl carbon atom when an amino group is intro- 
duced into the triazole ring. A comparison of the pK a values of 3-nitro-5-amino- and 
3-nitro-5-methyl-l,2,4-triazoles (7.05* and 6.75 [3]) shows that their donor effects on the 
N| atom and, consequently, on the alkyl substituent are comparable. The decreased reac- 
tivity of the keto group is possibly explained by the formation of an intramolecular hydro- 
gen bond with the introduction of an amino group. 

H 

? 
(Cft2).CCH s 

One should also note the anomalous stability of butanone XVI with respect to the action of 
bases -- the formation of 3-nitro-5-amino-l,2,4-triazole is recorded in the UV spectra only 
when it is allowed to stand for a long time in 5 N sodium hydroxide solution. 

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in hexadeuteroacetone were recorded with 
a Perk|n-Elmer R-12 spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. 
The IR spectra of films of the compounds were recorded with a UR-20 spectrometer. The spec- 
trophotometric determination of the pK a values was carried out with an SF-16 spectrophotom- 

*Determined by potentiometry and spectrophotometry. 
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eter at 20~ and potentiometric titration was carried out with an LPM-60M pH meter; the 
pK a values were calculated by the method in [4]. Thin-layer chromatography (TLC) was car- 
ried out on Silufol UV-254 (with development of the chromatograms by UV illumination) in 
an ethyl acetate--petroleum ether--dioxane system (4:2:1). Starting ketones I-VI were ob- 
tained by the method in [5]. The derivatographlc studies were accomplished with the system 
of F. Paulik, J. Paulik, and L. Erdey. 

l-(Oxoalkyl)-3-nitro-5-R-l,2,4-triazole Azines (VII-IX). A 0.3-ml (8.8 mmole) sample 
of hydrazine hydrate was added at 20~ to a solution of 4.4 mmole of ketone I, IV, or V in 
20 ml of dioxane (ethanol), and the mixture was stirred for 0.5-1 (monitoring by TLC with 
the exception of the ketone). The solvent was then evaporated, and the residue was crys- 
tallized. 

2-Nitro-7-methyl-l,2,4-triazolo[3,2-c]-5~6-dihydro-l,2,4-triazepine (XII) and 2-Nitro- 
6-methyl-l,2,4-triazolo[3,2-c]-5,6-dihydro-l,2,4-triazine (X). These compounds were 
synthesized from ketones Vl, II, and III, respectively, by a method similar to the preceding 
procedure. 

2-Nitro-7,9-dimethyl-l,2,4-triazolo[3~2-c]-5,6-dihydro-l,2~4-triazepine (XIII) and 
2-Nitro-6,8-dimethyl-l,2,4-triazolo[3,2-c]-5,6-dihydro-l~2~4-triazine (XI). A 44-mmole 
sample of ketone III or VI was added in portions at 20~ to a solution of 4 g (88 mmole) of 
methylhydrazine in 20 ml of dioxane (water), and the mixture was allowed to stand for 1-1.5 
h (monitoring by TLC). The precipitate was removed by filtration, and the filtrate was 
evaporated. The residue was washed with water, added to the principal amount of product, 
and crystallized. 

l-(3'-Oxobutyl)-3-nitro-5-amino-l,2,4-triazole Hydrazone (XIV). Ketone VI was added in 
portions with stirring at 20~ to 18 ml (88 mmole) of 25% aqueous hydrazine solution, and 
the mixture was allowed to stand for i h (monitoring by TLC). The hydrazone was removed by 
filtration, washed with water, and crystallized. 

l-(Oxoalkyl)-3-nitro-5-amino-l,2,4-triazoles (XV~ XVl). A suspension of 5 mmole of 
ketone III or VI in I0 ml of methanol was added with stirring at 20~ to a solution of 25 
mmole of hydroxylamine, prepared by neutralization of a solution of 1.9 g (25 mmole) of 
hydroxylamine hydrochloride in i0 ml of methanol with a solution of 1.3 g (25 mmole) of 
potassium hydroxide in I0 ml of methanol, and the mixture was allowed to stand (monitoring 
by TLC). The solvent was evaporated, and the residue was crystallized. 

l-(Oxoalkyl)-3-nitro-l,2,4-triazole Oximes (XVII, XVIII). A solution of 25 mmole of 
hydroxylamine prepared as in the preceding experiment was added to a solution of 12.5 
mmole of ketone I or IV in 20 ml of methanol, and the mixture was stirred for 2 h. The 
solvent was evaporated, and the residue was crystallized. 
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