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Organic Chemistry 

Dini tramide  and its salts  
6.* Dinitramide salts derived from ammonium bases 

O. A. Luk'yanov,* A. R. Jgevnin, A. A. Leichenko, N. M. Seregina, and V. A. Tartakovsky 

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 
47 Leninsky prosp., 117913 Moscow, Russian Federation. 
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The methods for preparation and the properties of dinitramide salts with ammonia, 
hydrazine, hydroxylamine, formamicline, their alkylated and aminated derivatives, etc. are 
described. 
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Representatives of a novel class of organic com- 
pounds, viz., salts of dinitramide, HN304 (DNA), 1 are 
of interest not only from the theoretical but also from 
the practical standpoint as highly power-consuming and 
ecologically pure compounds. 

In previous communications, 1-3 the preparation of a 
number of DNA salts of metals and ammonia has been 
described. In the present work we report methods for the 
synthesis of DNA salts with nitrogen-containing bases: 
ammonia, hydrazine, hydroxylamine, formamidine, vari- 
ous products of their alkylation or amination, and some 
of their functional derivatives. 

One of these methods involves treatment of [3-func- 
tionally substituted N,N-dinitramines 1,2 with bases (re- 
action (1)) and is used almost exclusively for preparing 
NH4N(NO2)2. 

XCH2CH2N(N02)2 + NH3 �9 NH4N(N02)2 

( i )  
X = CN, COMe, COPh, C02Me 

* For Part 5, see Russ. Chem. Bull., 1994, 43, 1680. 

The second method is based on ion exchange be- 
tween salts (reaction (2)). 

M N ( N 0 2 ) 2  + M ' X  - - M'N(N02)2 + MX (2) 

In laboratory practice, it is convenient to use AgN304 
as the starting DNA salt and a halide (M'Hal).  The use 
of KN304 also often leads to good results. 

The most convenient method for preparing salts of 
DNA with bases (B) stable in the individual state is 
neutralization of DNA with these bases (reaction (3)). 

HN(N02) 2 + B # HBN(N02)2 (3) 

Ammonium salts of DNA can also be prepared by 
heating a free non-volatile base with a DNA salt derived 
from a volatile base (reaction (4)). 

NH4N(N02) 2 + RNH 2 ~, RNHaN(N02) 2 + NH 3 (4) 

The DNA salts synthesized according to methods 
(2)--(4) and their properties are listed in Table 1. 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 1, pp. 113--117, January, 1995. 
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It was found that  D N A  readily forms stable salts with 
a lmost  all of  the  bases studied, including primary,  sec- 
ondary,  and ter t iary amines,  quaternary al iphat ic  bases, 
a romat ic  and heterocycl ic  amines,  hydrazines,  hydroxyl-  
amines,  amidines ,  guanidine  and its amino  derivatives, 
a r o m a t i c  d i azo  c o m p o u n d s ,  N - n i t r o p y r i d i n i u m  or  
me thy l en imin ium cations,  etc. Even strong electron- 
withdrawing substi tuents located in the  t3-position with 
respect  to the  quaternary  N atom do not  hamper  the 
format ion  of  stable salts; this makes it possible, in 
part icular ,  to prepare  double  D N A  salts, for example,  
those  der ived f rom e t h y l e n e d i a m i n e  and e thy lene -  
dihydrazine.  

On the other  hand,  it should be noted that  a t tempts  
to prepare  the  corresponding double  salts from methyl -  
ened iamine  d ihydrochlor ide  or methylenedihydraz ine  
d ihydrochlor ide  and A g N 3 0  4 were unsuccessfnl: in the 
former case, only NH4N304 could be isolated as an 
i nd iv idua l  p r o d u c t ,  and  in the  l a t t e r  case,  the  
N H 2 N H 2 " H N 3 0  4 salt was obtained.  We also did not 
manage to isolate individual double salts of  D N A  with 
hydrazine ,  me thy lhydraz ine ,  and d imethy lhydraz ine ,  
since these were formed as liquids or crystall ine solids 
(with broad ranges of  mel t ing points) with varying com-  
posit ions,  which t ransformed into mono  salts of  D N A  
and the corresponding bases in the course of  purif ica- 
tion. The react ion of  urea ni trate with KN30  4 in ethanol  
afforded a product  with m.p. 98--100 ~ which was 
the urea salt of  D N A  according to UV and IR spectra. 
However,  all o f  the a t tempts  to purify this compound  
resulted in its decomposi t ion .  It is l ikely that  in a 
solut ion of  a D N A  salt derived from a weak base, the 
equi l ibr ium is substant ial ly shifted to the free base and 
DNA,  which is unstable in the individual state. 

The D N A  salts prepared are, as a rtde, colorless 
c r y s t a l l i n e  so l ids  wi th  r a the r  low me l t i ng  po in t s  
(15--150 ~ and decompos i t ion  points. The latter de-  
pend essential ly on the nature and the strength of  the 
base. The  salts derived from simple al iphat ic  amines 
decompose  at ~120--140 ~ Only quaternary a m m o -  
nium and hydrazon ium salts have higher  melt ing and 
decomposi t ion  points  (175--228 ~ It is noteworthy 
that  the lat ter  are readily converted into a waxy mass at 
an elevated pressure. 

A m m o n i u m  salts of  D N A  are usually readily soluble 
in n i t romethane ,  methyl  acetate,  or acetonitr i le,  but 
insoluble in ether,  benzene,  or hexane. The fact that  the 
D N A  salts derived from hydroxylamine or methoxyamine 
are readily soluble in some nonpolar  solvents, for exam- 
ple, in ether,  also deserves at tention.  

The hygroscopic  propert ies  of  the  D N A  salts pre- 
pared vary widely.  Some of  them were non-hygroscopic  
(quaternary salts, aminoguanidine  salts, acetamidine salts, 
etc.), and some other  were rather hygroscopic (the salts 
with me thy lamine  and d imethylamine ,  the d imethyl-  
me thy len imin ium salt, etc.). 

The sensitivity of  these salts to mechanica l  action 
also varies over a wide interval. Salts with hydrazine and 
t r iaminoguanidine  are the most  dangerous  to handle.  

Experimental 

The starting salts and bases were prepared according to the 
published procedures. The melting points were determined in a 
metallic unit. 

Attention. t Dinitramide salts are dangerous explosive com- 
pounds and require the approptqate handling. 

The preparation of dinitramidates by ion exchange in salts 
(general procedure). Saturated (sometimes heated) solutions of 
two salts were poured together, the precipitate was filtered off, 
the filtrate was concentrated on a rotary evaporator in the 
vacuum of a water-jet pump, and the residue was recrystallized 
(in some cases, several times). 

The preparation of dinitramidates by the reaction of bases 
with dinitramide (general procedure). A solution of DNA was 
added to a solution of a base, and the precipitate (formed 
immediately or after evaporation of the solvent) was separated, 
washed with ether or benzene, and recrystatlized. In those 
cases when tile target salts were formed as oils, they were 
triturated under an ether or benzene layer until they became 
solid and then recrystallized. In some cases reprecipitation was 
used instead of recrystallization. 

Below we present examples of the syntheses that differ 
somewhat from the general procedures. 

Ammonium dinitramidate (1). A solution of NH4Cl (1.85 g) 
in MeOH (80 mL) was added to a solution of KN304 (1 g) in 
MeOH (45 mL), the precipitate was separated, and the filtrate 
was evaporated to dryness. 0.7 g (82 %) of salt 1 was extracted 
from the residue by hot EtOAc and recrystallized. 

Bis([3,~-cyanoethyl)ammonium dinitramidate (7). A solu- 
tion of DNA (from 2.5 g of KN304) in Et20 (50 mL) was 
added to an emulsion of bis([3,13-cyanoethyl)amine (2.2 g) in 
anhydrous Et20 (20 mL). The precipitate of salt 7 was filtered 
off, washed o13 the filter with small amounts of EtOH and 
Et20, and recrystallized. 

Hydroxylammonium dinitramidate (19). A solution of 
KN304 (2 g) in warm MeOH (50 mL) was added to a solution 
of NH2OH. HCI (5.47 g) in warm MeOH (60 mL). The 
reaction mixture was stirred for 3 h. The precipitate was 
separated, the filtrate was evaporated to dryness, and salt 19 
was extracted from the precipitate with ether. 

Dinitramidate of 13-(dimethylamino)ethyl methacrylate (8). 
A mixture of salt 1 (1.24 g) and [3-(dimethylamino)ethyl 
methacrylate (1.57 g) was heated (40--50 ~ in vacuo (10 Torr) 
for 4 h. The residue was washed with ether and recrystallized 
from isopropanot to give 1.88 g (71%) of salt 8, which was 
recrystallized two more times. 

N-Nitropyridinium dinitramidate (29). N-Nitropyridinium 
tetrafiuoroborate (2.31 g) in MeCN (75 mL) was added to a 
solution of KN304 (1.45 g) in anhydrous MeCN (I00 mL). 
The precipitate of KBF 4 was filtered off, and the filtrate was 
concentrated on a rotary evaporator at 30 ~ to ~20 mL. The 
salt was precipitated by 20 mL of anhydrous CH2CI 2 and once 
again reprecipitated. The resulting dinitramidate is readily 
decomposed by water to yield nitrogen oxides and reacts with 
MeOH much more slowly, namely, over a period of 2 days, 
according to NMR spectroscopy. 
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