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 examples10,12,13). However, due to safety 

and reproducibility concerns, protocols (1) and (2) are not 
suitable for scaling. In general, N-monosubstituted N-nitramines 
readily dissociate in polar solvents to form ambident anions 
whose alkylation  affords isomeric products of N- and 
O-attacks.4–8,10,12 In all cases, laborious procedures were 
required to obtain propargyl nitramines, while  dipropargyl 
analogues were unknown. 

Herein we report an improved procedure for access to parent 
(propargyl)nitramine 1 and its use as a building block for the first 
synthesis of di(propargyl)nitramine 2, as well as describe their 
participation in some 1,3-dipolar cycloaddition reactions. We 
turned attention at readily available ethyl nitrocarbamate 314 as 
the starting material promising for sequential introduction of two 
propargyl moieties. Our synthesis of monopropargyl nitramine 1 
is depicted in Scheme 1. The alkylation of compound 3 with 
various alkyl halides is well-documented; it typically proceeds 
selectively at the N atom under various conditions, including the 
use of ammonium salt of 3 in acetone,15 with its silver salt in 
acetonitrile at reflux,16,17 with the lithium salt in methanol,18 and 
in the presence of triethylamine in CH2Cl2.12 The avoidance of 
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the special preparation of compound 3 salts looks attractive. 
Therefore, initially conditions identical to those employed by 
Unterhalt et al.19 (CH2Cl2 as the solvent and NEt3 as the base at 
40 °C) were tested; however, the reaction of compound 3 with 
propargyl bromide 4a gave only a 12% yield of product 5. 
A screen of other solvents revealed that the alkylation proceeded 
at room temperature in benzene, THF, MeOH, DMSO, and 
MeCN. The highest yield (71%) of 5 was achieved in DMF at 
room temperature for 96 h (for details, see Online Supplementary 
Materials, Table S1). Replacing NEt3 with K2CO3 resulted in a 
similar yield of 5. Using catalytic amounts of KI had a minimal 
impact on the yield of 5. One common way to shorten the 
reaction time is to heat. An increase in temperature to 80 °C 
provided 100% conversion of nitrocarbamate 3 within 2 h, 
however the yield of compound 5 dropped to 63%; with the 
prolongation the reaction the yield decreased even more.

Finally, we examined the effects of the nature of four different 
propargylic reagents, HCºCCH2–X 4a–d (see Scheme 1). We 
found that employment of propargyl tosylate 4d afforded the 
highest yield (82%) when using DMF as the solvent and NEt3 as 
the base at room temperature for 96 h (see Table S1). To the best 
of our knowledge, this is the second example of the alkylation of 
nitramines with alcohol tosylates.20 For comparison, the 
application of  propargyl chloride 4b or iodide 4c brought about 
complex mixtures requiring lingering silica gel chromatography 
for isolation of product 5. 

When compound 5 was treated with an excess of gaseous 
ammonia in diethyl ether, the ester group was readily removed to 
provide ammonium salt 6 in 85% yield (see Scheme 1), while the 
same reaction in a mixture of diethyl ether and chloroform (1 : 1) 
gave salt 6 in quantitative yield with analytical purity. After 
acidification with 1 equiv. of H3PO4 at 0 °C, (propargyl)
nitramine 1 was obtained in good yield (88%) when extracted 
with diethyl ether and purified by passing through a short silica 
gel column. As a result, the reaction sequence shown in Scheme 1 
produces compound 1 in overall 72% yield, which is more than 
double that of the previously developed approach.9 

Having optimized conditions for propargylation of 
nitrocarbamate 3, we looked to extend them to (propargyl)
nitramine 1 (Scheme 2, Table 1, entry 1). Using a shorter reaction 
time, since the anion generated from compound 1 is more 
nucleophilic than that from 3, the conditions turned to be suitable 
providing the desired (dipropargyl)nitramine 2 in moderate yield 

(entry 2). The use of propargyl bromide 4a as the alkylating 
agent is less effective than tosylate 4d (31 vs. 43%). Variation of 
the temperature, reaction time, or the use of inorganic bases all 
failed to offer any further improvement in yield (see Table 1).

Surprisingly, when ammonium salt 6 was treated with 
propargyl bromide 4a in DMF, TLC analysis showed complete 
consumption of the starting material within 12 h at room 
temperature, and the reaction gave the desired product 2 in 51% 
yield (Table 2, entry 1). Screening of various parameters 
provided an additional increase in the yield; the stoichiometry 
between the reactants, temperature and reaction time had an 
important influence on the reaction outcome. The reaction 
proceeded more efficiently in the presence of 1.5 equiv. of 
bromide 4a (entry 3). The use of tosylate 4d instead of bromide 
4a resulted in a noticeable increase in the yield of 2 (see Table 2, 
entries 1 and 6). The reaction time for this transformation could 
be reduced from 12 to 0.5 h by heating to 60 °C (entries 4 and 7), 
and the yield is increased by more than 20%. Notably, we 
observed no O-propargylation product in all of the above 
reactions; the other reaction components were composed of 
easily separable polar waste. The best reaction conditions 
(entry 7) gave 82% yield of (dipropargyl)nitramine 2 using 
ammonium salt 6 as the nucleophile. The practical applicability 
of the protocol is illustrated in the efficient 1 mole preparation of 
this compound, and only filtration through a pad of silica gel was 
necessary to obtain the desired product in pure form.

(Dipropargyl)nitramine 2 is a slightly yellow oil with an 
ambient temperature density of 1.155 g cm–3 and a boiling point 
of 75 °C at 1.5 mbar and 186 °C at atmospheric pressure. 
Compound 2 was found to have an enthalpy of formation of 
+92.0 ± 0.4 kcal mol–1 by combustion calorimetry (see Online 
Supplementary Materials).

All compounds were characterized by IR, 1H, 13C and 
14N NMR spectroscopy as well as CHN analysis (see Online 
Supplementary Materials). For example, the d values (in CDCl3) 
for terminal H (2.42 ppm) and C (74.7 ppm) and the methylene 
group (1H 4.67 and 13C 39.7 ppm) of compound 2 conform well 
with the published values21 for same atoms (1H 2.44, 13C 75.1 
and 1H 4.29, 13C 37.2 ppm, respectively) of relative N,N-
di(propargyl)triflamide. In the 14N NMR spectra (with respect to 
MeNO2 as external standard), the nitrogen atom of the nitro 
group resonated at –30.8 ppm.

With propargyl nitramines in hand, we wanted to quickly 
determine if typical [3+2] cycloaddition reactions could be 
performed using alkynes 2 and 5 as dipolarophiles to access 
heterocyclic adducts, aiming to assess whether this chemistry 
could be compatible with the nitramino group, since this topic 
has not been previously discussed. Under conventional 
(unoptimized) conditions,22–25 model azide, nitrile oxide and 
diazo compound were tested in this study (Scheme 3). Azide 
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Scheme  2  Reagents and conditions: i, HCºCCH2X (4a,d), base, DMF, 
20–80 °C; ii, HCºCCH2X (4a,d), 20–80 °C.

Table  1  Optimization of the reactiona between (propargyl)nitramine 1 and 
propargylation agents 4a,d.

Entry Reagent Base T/°C t/h Yieldb of 2 (%)

1 4d NEt3 20 96 35
2 4d NEt3 20 48 43
3 4a NEt3 20 48 31
4 4d Li2CO3 20 48 12
5 4d Na2CO3 20 48 18
6 4d K2CO3 20 48 23
7 4d NEt3 40 48 41
8 4d NEt3 40 60 34
9 4a Na2CO3 40 48 19

a
 Reactions were run with 10 mmol of 1, 11 mmol of 4a,d, and 1 equiv. of 

base in DMF (10 ml) for 96 h. b Isolated yields.

Table  2  Optimization of the reactiona between ammonium salt 6 and 
propargylating reagents 4a,d.

Entry Reagent 6/4 ratio T/°C t/h Yieldb of 2 (%)

1 4a 1:1 20 12 48
2 4a 1:1.1 20 12 51
3 4a 1:1.5 20 12 66
4 4a 1:1.5 60   0.5 60
5 4a 1:1.5 60   1 56
6 4d 1:1 20 12 68
7 4d 1:1 60   0.5 82
8 4d 1:1 40   1 81
9c 4d 1:1 60   6 63

a Reactions were run with 10 mmol of 6, 10–15 mmol of 4a,d in DMF 
(10 ml) for 96 h. b Isolated yields. c The reaction was carried out in MeCN.
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group of 3-azidomethyl-4-methylfurazan formed 1,2,3-triazoles 
7a,b in good yields under classical CuAAC conditions. Nitrile 
oxide (generated by in situ dehydrohalogenation of N-hydroxy
benzenecarboximidoyl chloride) underwent cycloaddition with 
these alkynes to generate isoxazoles 8a,b, and, in parallel, 
dimerized to form 3,4-diphenylfuroxan. When monoalkyne 5 
reacted with methyl diazoacetate, the successful formation of 
1H-pyrazole 9a was observed indicating a tolerance for the 
nitramine functionality. However, in case of dialkyne 2, the 
reaction gave a ca. 3 : 2 mixture (relative ratio from crude NMR 
analysis) of inseparable 3,3- and 3,4-regioisomers (see Scheme 3, 
only the main 3,3-regioisomer 9b is presented; also see Online 
Supplementary Materials). Although the yields for the 
cycloaddition products remain to be optimized further, this 
approach appears to be a viable pathway for the synthesis of 
various N-(hetarylmethyl)nitramines. It should be noted that 
compounds 7b–9b are exceedingly rare examples of 
dimethylnitramine derivatives bearing C-attached (het)aromatic 
rings.18,26,27

In conclusion, we have developed a safe, facile, efficient and 
fast synthetic route to propargyl nitramines via the alkylation 
reaction of a nitramine anion. Propargyl tosylate has been most 
efficient reagent for this purpose. Propargyl nitramines proved to 
be versatile building blocks for the construction of diverse 
heterocycles, including 1,2,3-triazoles, isoxazoles, pyrazoles, 
and should be useful in the syntheses considering the 
transformation of acetylene unit. The use of these building 
blocks is evidently an attractive strategy for the development of 
target-oriented nitramine syntheses. Future work will look at 
extending the scope of reagents employed in this study to create 
energetic materials.

This work was supported by the Russian Foundation for Basic 
Research (grant no. 20-03-00514a).
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Scheme  3  Reagents and conditions: i, 3-azidomethyl-4-methylfurazan, 
CuSO4·5 H2O, sodium ascorbate, DMF, room temperature, 24 h;  
ii, Ph–C(=NOH)Cl, NEt3, CH2Cl2, 0®20 °C; iii, MeO2C–CHN2, 
ClCH2CH2Cl, reflux, 110 h.


