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Abstract. The review is devoted to nitramide, the first
member of the nitramine homologous series. The methods
of its synthesis, structure as well as physical and chemical
properties are considered. The bibliography includes 194
references.

I. Introduction

Nitramide was synthesized for the first time by Thiele and
Lachmann' in 1894. This compound has always attracted
attention of chemists as the first member of the nitramine
homologous series, as an elementary reactive building block
for the design of more complex structures and as a model
for the investigation into properties of substances at the
boundary between organic and inorganic ones. It is already
more than 100 years that scientists have been involved in
studies on the properties of nitramide and development of
methods of its synthesis. Nitramide can be considered as
nitric acid amide and simultaneously as the ammonia
nitration product (nitramine). Nitramide has obviously
been given insufficient attention in the well-known review
articles devoted to the chemistry of nitramines.? 3
Nitramide plays very important role in the chemistry of
nitramines. Some properties of nitramide, for example,
spectral, are considered to be the reference characteristics
for compounds of the nitramine group, which allows mon-
itoring the changes in the properties of nitramines upon
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introduction of different substituents into nitramide mole-
cule.

Nitramide is an intermediate in various syntheses. It has
particular significance in the preparation of dinitramide
[HN(NO>),] and its salts and in elaboration of new promis-
ing methods for their synthesis.* Up to now trinitramine
[N(NO>)3] has not been obtained and synthesis from nitra-
mide is regarded as the most probable pathway among
potential approaches.®

Nitramide was detected as an intermediate in processes
of decomposition of different cyclic and linear nitramines,
which allows consideration of new mechanisms of decom-
position of nitramines and prediction of the boundary
conditions for their stability.

I1. Structure and physical properties of nitramide

1. 1. Structure and spectral characteristics

Preparation of nitramide raised intense discussions regard-
ing the structure of the nitramide molecule for which seven
versions have been proposed (la—c, 2a,b, 3, 4).

OH B OH
H:N—NO,  HN=N__ N=N_
1a mw O 1c OH
Ho—lﬁl Ho—lﬁl HN\—/N—OH Ho—l\‘JH
HO—N N—OH o NO
2a 2b 3 4

Thiele gave preference to nitric acid amide (1a) on the
basis of the method of its synthesis and certain chemical
reactions, while it can also react in the tautomeric form 1b,
that is imidonitric acid.®”

Hantzsch 8 in his earlier studies tried to prove impossi-
bility of the amide structure because nitramide possessed
high acidity and its properties differed from those of
genuine amides.’~!! Hantzsch believed that the structure
of nitramide corresponded better to the formula 2a. He
changed his opinion since hyponitrous acid (2a, 2b)!? and
nitrosohydroxylamine (4) have been prepared,!? but never-
theless could not accept the structure 1a and insisted on the
structure of imidonitric acid (1b).!% 15
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Later, the structure of nitramide as the nitric acid amide
was confirmed from determination of the dipole moment of
nitramide in dioxane solution (3.75 D),'¢ as well as by the
Raman and IR spectra !7 in which no stretching vibrations
of the OH and =N groups were found. Additional evidence
was derived from the synthesis of the 'N-labelled com-
pound.'8 The dipole moment of nitramide in the gas phase
is equal to 3.57 D,!? i.e., it is close to the value in dioxane
solutions. Theoretical calculations gave the value of
3.76 D.?° which agrees well with the experimental data.

The structure of nitramide in the vapour phase was
investigated by microwave spectroscopy.!® It was found
that the nitramide molecules are nonplanar: the nitrogen
and oxygen atoms were coplanar, but the plane of the
H—N-—-H group was rotated relative to the plane
N —NOs,. The possibility of rotation around the bond
N —N determines inversion of the nitramide molecule.?!
The calculated value of the inversion barrier is equal to
6.3 kJ mol—! (Ref. 22).
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Nonplanariy of the nitramide molecules was further
validated by experimental studies and calculations.?3-24

Methods of vibrational and electronic spectroscopy
were applied for a comparative study of the interaction
between the amino and nitro groups in nitramide where
these groups are immediately adjacent to each other and in
p-nitroaniline where the amino and nitro groups are sepa-
rated by a system of conjugated n-bonds.?> No evidence for
enhanced electronic interaction between these groups in
nitramide was established, this is even less pronounced as
compared with p-nitroaniline. The relatively low energy of
p—m-conjugation in nitramide owing to the nonplanar
conformation of its molecule is the reason for the observed
effect. Overlapping between the p,-orbital of the N—H
bond and the p,-orbital of the second lone electron pair of
the nitro group oxygen atom additionally stabilizes the
nonplanar structure.

From a comparison of the structures of nitramide
(Fig. 1) and related amides [cyanamide (H>2NCN) or for-
mamide (H,NCHO)], it can be noted that the length of the
H—N bond (1.005 A) in nitramide is closer to that in
ammonia (1.017 A)2¢ than in the amide group of forma-
mide (1.027 A).27 The length of the N—N bond (1.427 A) in
nitramide is smaller than in hydrazine (1.46 A). The dis-
sociation energy of the N—N bond in nitramide is
230 kJ mol—! (Ref. 28).

H
1.005 A 0
151°11" N 130°8”
51°47 N"T47A
1206 A0
H
Figure 1. Values of angles and bonds lengths in the molecule of

nitramide.!?

The distances between the oxygen atoms in the nitro
group of nitramide and in such molecules as HNO3, FNO,
and CINO; are very similar. The distances N—O (1.206 A)
in nitramide and nitric acid are virtually the same.?-30

Nonempirical molecular orbital calculations indicate
that the length of the N—N bond in nitramide molecule
and the angle between the planes of the fragments
H—N-—H and N—NO; are different for an equilibrium
structure, a transition state of the inversion of the amino
group and an internal rotation state.3!

X-Ray photoelectron spectroscopic studies of nitramide
revealed very high N1s binding energies of the amino group
(401.4 eV) and the nitro group (407.4 eV), whereas in other
30 compounds containing amino, amide and nitro groups
these values vary in the range 399.8 —400.0 eV.3?

Calculations demonstrate that the values of orbital
energies corresponding to lone electron pairs of the nitrogen
atom of the nitramide amino group depend on the config-
uration of the N atom.33

The overall configuration of nitramide is described in
Ref. 34. Quantum chemical calculations of nitramide can be
found in Refs 35—-37 and calculations of the structure and
energies of bond vibrations are given in Ref. 38. An opinion
exists 3° that a dimeric structure of nitramide is quite
possible, the calculated geometry of the dimer is shown in
Fig. 2.

~~Hu H'?
O%\ H S
Nz \N7\
\: \
Hs/ \HS\ N%///
0 0

Figure 2. Calculated geometry of the nitramide dimer.3°

UV spectra of nitramide are characterized by an absorp-
tion maximum in the range 204—-207 nm. The extinction
coefficient is equal to 7200-7800 litre mol—! cm—! and
depends on the method of its synthesis and purifica-
tion.40~43 The absorption maximum of the anion is shifted
to 225 nm.**

On the basis of theoretical interpretations of UV spec-
tra*! an assumption is advanced that the observed spectral
characteristics are caused by the existence of two structures
with charge transfer:

H,NNO; —= HN=NO,H".
la

UV spectra of nitramide in the gas phase and the
mechanism of nitramide photodissociation were investi-
gated with recourse to theoretical calculations*® and the
most probable photodissociation products (NH,, NO»,
NH:>NO, NO and O) were proposed.

Excited and ionized states of the nitramide molecule
were studied with the use of an approach of configurational
interactions for clusters with an adapted symmetry, and
obvious similarity of nitramide and dimethylnitramine was
found.*® The calculation of 16 singlet and 13 triplet vertical
transitions were used for construction of the wave function
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by the SAC-CI method. Thus, 14 ionized states with relative
intensities of the absorption maxima were derived by a
single field approach. The single broad band of absorption
in the UV spectrum of nitramide was assigned to two
transitions: n tNO> — nn* and ¢ — w*.

Vibrational spectra of nitramide and assignements of
absorption bands were described.!”-47-52 The IR spectra of
nitramide in the aci-form (1b) were used in the study of
methylenenitramine salts and these spectra made it possible
to prove the ionic structure of the salts.>?

IR spectra of nitramide and its isotopic modifications
(1>’NH,NO,, ND,NO,, '"'ND,;NO,) at 12 K in argon and
nitrogen matrices were investigated.*3 In this work, theoret-
ical calculations of frequencies in the spectra were per-
formed on the basis of a normal coordinate treatment in
conjunction with self-consistent field (SCF) approach and
valence force field of nitramide was obtained. Theoretical
concepts and experimental data were simultaneously
applied for interpretation of the obtained spectra. All
fundamental frequencies of the nitramide molecule have
been assigned. Quantum chemical calculations resulted in
somewhat overestimated values of the vibration frequencies
but their order and assignments to symmetric and asym-
metric types of the vibrations completely correlate with the
experimental data. A part of these experimental data and
the calculated frequencies are presented in Table 1.

Table 1. Experimental and calculated vibration frequencies in the
NH,NO> molecule (cm—").48:51

Experimental Calcu- Assignment?

IR spectrum lations

Ar- Nz—

matrix — matrix

Symmetric vibrations

3359 3361 3734 v(NH>) (97)

1558 1581 1815 5(NHb) (86)

1350 1368 1747 V(NO») (51)+v(NN) (25) + 5(NO») (17)
951 1196 v(NN) (36) +v(NO>) (28) + §(NO>) (15)
798 776 975 d(NO>) (50) +v(NN) (37)

693 713.5 813 d(NO>) (50)+ d(NH>) (25)
628 587 600 d(NH2) (51)+v(NH2) (25) + v(NN)(17)

Asymmetric vibrations

3478 3474 3868  v(NH>) (100)
1613 1611 2070  v(NO,) (78)
1227 1239 1374 6(NH) (74) + v(NO>) (24)
485 581 3(NO») (79)
402 404 417 ©(NN) (37)

4 Distributions of potential energy of vibrations in percents are given in
parentheses.

The 'H and *N NMR spectra of nitramide NH>,NO;
and nitrourethane RNHNO, were investigated.’® It was
established that all protons in nitramide belong to the
amine type protons, so this study additionally confirmed
the structure la.

The NMR spectra of nitramide in acetonitrile, ethyl
acetate and diethyl ether were obtained in a wide range of
concentrations and temperatures.* Changes in the proton
chemical shifts of the amino group suggest association of
the nitramide molecules with the solvent molecules at low

temperatures. The electron-withdrawing NO» group in
nitramide causes a downfield shift of the proton resonance
signal, which corroborates the acidic properties of the
amide protons. The chemical shift of the nitrogen nuclei
("N) of the NH; group is & + 132 relative to NHJ, which
suggests the high degree of ionic character of the H—N
bonds and correlates with the data from the 'H NMR
spectrum.

The chemical shifts in 'H, '“N and >N NMR spectra of
nitramide are given in Table 2.

Table 2. Characteristics of 'H, N and "N NMR spectra of
nitramide.

Solvent Chemical shifts J (see?) Ref.
H>NNO» H>NNO> H>NNO»

DMSO-ds 11.5 — — 55

MeCN 9.2 — — 54

Et,O 9.5 — — 54

AcOEt 9.5 — — 54

THF-ds 10.1 —221/—220.3 —26/—25.5 47

a For the nitrogen nuclei, the values of § for '*N/!'*N are given by slash
relative to MeNO, .

2. Physical properties of nitramide

Nitramide forms colourless plate-like crystals with a specific
luster. It is readily soluble in water, ethanol, ether, acetone
and ethyl acetate, moderately soluble in m-cresol, isopentyl
alcohol and dioxane, slightly soluble in chloroform, hexane
and petrol and insoluble in naphtha.!-11,16,43,56,57

Nitramide crystallizes in the monoclinic system and the
unit cell contains four molecules. The density of crystals is
1.783 gecm—3 at 20 °C (Ref. 58) and 1.8692 g cm~—3 at
—173.16 °C (Ref. 47).

The melting point of nitramide depends on the presence
of trace amounts of water in a sample, according to differ-
ent studies it varies in the range from 68 to 81 °C (with
decomposition).6-2%-38:43.59  Dry  nitramide melts at
81—-82 °C. Derivatographic investigation shows that thor-
oughly dried nitramide melts without decomposition and
flares up at 120 °C.>°

Heat of decomposition of nitramide to gaseous dinitro-
gen oxide and liquid water was measured as
118.07 £3.56 kJ mol~! and the standard enthalpy of for-
mation of nitramide from the elements was calculated as
86.374+3.56 kJ mol—! (Ref. 60).

Thermal decomposition of nitramide samples purified
by ordinary reprecipitation with subsequent sublimation in
vacuum was investigated.®! The enthalpy of formation of
nitramide was calculated from the experimental data and
this value is equal to —76.48 kJ mol~! for the sublimed
samples of nitramide and —86.32 kJ mol—! for the non-
purified ones. Thermodynamic properties (specific heat
capacity, entropy and the Gibbs energy changes) were
calculated for nitramide in the ideal gas state in the temper-
ature range from 0 to 1500 K.%? The enthalpy of formation
of nitramide in the ideal gas state at 298.15 K (AfH°) is
—3.000 kJ mol—! (Ref. 63).

A theoretical analysis of thermal decomposition of
nitramide makes it possible to choose two pathways from
a variety of possible routes.®* The preference is given to the
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Table 3. Comparison of characteristics for nitramide, methylnitramine, dimethylnitramine and dinitramide.

Parameter H>NNO; (1a)

MeNHNO; (8)

Me,NNO; (9) HN(NO»): (7)

Tinp. /°C 7981 (see *3-47)

Density /g cm—3
pKa (25 °C)

1.783 (see °%)
6.59 (see ©°)

38 (see %)

1.2433 (see 7°) —
6.15 (see 1)

5758 (see %) liquid, unstable in

the NH form

—5.62 (see 7?)

Stability of the anion unstable little stable stable
IR spectrum /cm ! (see #%-73)
Vas NO> 1546 vs 15801599 vs 1546 sh 1645's
1534 vs 15581578 vs 1515s 1625s
vs NO» 1379 vs 13421350 vs 1315m 1255 m
1334 vs 1291 m
UV spectrum (Amax) /nm
NH form 205207 (see ®) 232.52 210 (see 3) b
223¢
anion 225 (see **) 228 (see 7%) 225,285

Note. Description of band intensities in the IR spectra: vs is very strong, s is strong, m is medium, sh is shoulder. 2 In 10~*M HCI; P in H2SOy; €in

ether.

pathway via 4 as an intermediate, that is, isomerization of
nitramide into nitrosohydroxylamine is presumed:

HO
H O NTN=0
. H 4
/N:Ni OH OH
H o O b~ aN-N <> aN=N
R ANG N
3 b O

—> N,O + H,O

However, it is not excluded that in the thermal decom-
position of nitramide the nitro—nitrite rearrangement
occurs.%

HN—NO, —> HoN-ONO.
la 5

Nitramide is a weak monobasic acid with the dissocia-
tion constant of 3.0 x 107 at 25 °C (pK, = 6.52).5%66

The singly-charged anion of nitramide (HN»O5, 6) is
unstable. Ammonium salt of nitramide can be prepared by
the reaction of nitramide with ammonia in ether,'! but this
salt decomposes on attempted isolation by filtration.
Sodium and potassium salts exist at 0 °C for not more
than 1 min, but at —80 °C these salts are stable for several
minutes in the absence of water.’® Dry nitramide decom-
poses with flashing on exposure to ammonia vapour.

Nitramide mercury salt is more stable; however, it also
decomposes during storage with formation of mercury
oxide and dinitrogen oxide.% >°

HgNNO, —> HgO + N0.

This salt is extremely sensitive to mechanical impact, but
is thermally stable up to 95 °C. Attempts to prepare other
salts from the mercury salt by exchange reactions were
unsuccessful; the reaction with hydrogen sulfide affords
mercury sulfide and results in regeneration of nitramide:

HeNNO, + HoS —> HgS + HaNNO,.

Relative stability of mercury salt can be explained by
higher contribution of covalent constituent to the Hg=N
bond, which is typical of mercury salts of organic nitro
compounds.®’

Some properties of nitramide, dinitramide (7), methyl-
(8) and dimethylnitramines (9) are compared in Table 3.

The introduction of the nitro group, i.e., the electron-
withdrawing substituent, in the molecule of nitramide exerts
pronounced effect on the properties. The dinitramide thus
formed is a strong acid. Spectral characteristics of dinitra-
mide are closer to those of methyldinitramine [MeN(NO2)2,
10] than to nitramide.”® Dinitramide is stable only in the
anionic form.

Substitution of fluorine or the nitrile group for one
proton in the molecule of nitramide causes similar changes
in properties. Fluoronitramide (FNHNO», 11) is stable only
in the anionic form, like dinitramide. Fluoronitramide salts
with bulky cations (for example, with tetraphenylphosp-
onium) are the most stable ones, but ammonium salt is
unstable as well as the free acid 11.7° Nitrocyanamide
(NCNHNO>, 12) is also stable as a salt or in hydrated
state;”¢ like dinitramide, it is also a strong acid. In the UV
spectrum of the nitrocyanamide anion, the position of the
absorption maximum (Amax = 265 nm, ¢ = 8900 litre mol—!
cm~—!) does not change in a wide range of the medium
acidity.”’

II1. Methods for the synthesis of nitramide

The described methods for the synthesis of nitramide can be
divided into the following groups:

— synthesis from carbamic acid derivatives;

— nitration of ammonia;

— nitration of ammonia sulfo derivatives;

— preparations from urea and guanidine nitro deriva-
tives;

— decomposition of nitramines;

— miscellaneous methods.

1. Synthesis from carbamic acid derivatives
For the first time, nitramide was synthesized from ure-
thane 13.1-¢
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EtONO NH
EOCONH, 2ON%% Eioco)NHNO, B,
13 H>S04 ether

KOH
—> EtOC(O)NNO:NHy oo

H,SO.
—> KOC(O)NNO>K Wa;r’ ize [HO-CNHNO] —o>
14
—> NH,NO,
la

The yields of products in each step are 75% —80%. The
practical implementation of this method is associated with
certain experimental difficulties, especially in the last steps
where dipotassium nitrocarbamate (14) forms. If the reac-
tion mixture is not completely protected against moisture,
an explosive inflammation is possible. Extraction of nitr-
amide from the solution is a very laborious operation. Three
or four extractions with ether only at low temperature
(0—2 °C) enable isolation of 75% of nitramide. This techni-
que was modified’® and was used for decades for the
preparation of nitramide in spite of its complexity.

Nitration of ammonium carbamate (15) affords nitra-
mide in the yields less than 5%.7° Two parallel reactions
proceed upon the action of nitric acid on ammonium
carbamate:

H.NC(0)ONH, 2HNO3,

15

pathway a
———> NH>NO; + NH4NO;3; + CO, + H,O

[Pathway b NH,NOs + CO»

The ratio between the pathways a and b was established
to be 0.35:0.65. The starting compound, ammonium carba-
mate, has low stability and easily transforms into ammo-
nium carbonate, which creates additional difficulties.

2. Nitration of ammonia
In the synthesis of nitramide by nitration of ammonia, it is
necessary to strictly observe conditions for the isolation and
storage of nitramide. First attempts to carry out nitration of
ammonia by nitryl chloride were unsuccessful:8%-8! among
the reaction products (NH,Cl, NH>NH,-HCl, NH4NO>,
NH4Cl), no nitramide was found.

For the first time, ammonia was successfully converted
to nitramide when underwent nitration with nitrogen(V)
oxide.82

N,O
NH; ——» NH,NO, + NH4NO;.
la

Nitrogen(V) oxide was cooled to —196 °C and was
added to partially crystallized ammonia at —78 °C. Flow
of nitrogen was introduced in order to remove other nitro-
gen oxides from N,Os. The addition of nitrogen(V) oxide
(0.2 to 0.3 g) was carried out over a period of 15—20 min,
and the excess of ammonia was removed under reduced
pressure. The temperature of the reaction mixture was
gradually raised to —40 °C. Then the reaction mixture was
granulated by pouring into liquid nitrogen and the resulting
granules (a mixture of nitramide, ammonia and ammonium
salts) were fed into solution of nitric acid at ~0 °C and pH
2. Carrying out this reaction at such low temperatures and
fast neutralization of excess ammonia made it possible to
recover nitramide.

It was found that nitramide can be prepared by nitration
of ammonia with different nitronium salts (the nitroyl
cation), eg., N02N03 N NOzBF4, N02C104, NOQSOzF,
(NO»)2S,03, NOCI, if the conditions described above for
the reaction and isolation of the product were maintained.
It was found by potentiometric titration that the highest
yield of nitramide (62% —65%) was achieved with the use of
nitronium nitrate and the lowest (6.5% —8.0%) for nitro-
nium chloride. The desired product (nitramide) can only be
isolated in the yields of up to 40%.83-8¢

A procedure of nitramide synthesis was described 87 in
which nitration of ammonium salts was carried out by nitryl
fluoride in the temperature range from —35 to + 35 °C with
subsequent extraction of nitramide with liquid ammonia at
—33 °C. Considering very low stability of the nitramide
anion, one can suggest that nitramide played the role of an
intermediate only, since under the described conditions it is
nitrated to dinitramide at very high rate and in virtually
quantitative yield. Apparently, it was ammonium salt of
dinitramide 88-°0 (which has not been known at that time)
that was synthesized as the product.

High-level molecular orbital calculations of a gas-phase
reaction of ammonia with nitric acid revealed two putative
non-ionic reaction channels with a similar reaction barrier
of 192.5 kJ mol~!. One channel occurs via a four-mem-
bered-ring transition state and affords NH,NO> and H-O.
The other channel passes via a five-membered-ring transi-
tion state and produces H,NONO and H,0.°! This study
confirms once more the ambiguity of reactions between
ammonia and a nitrating agent.

An unstable species [NH>] was obtained in the course of
ammonia photolysis and after reaction of this species with
NO; (N204) only water and dinitrogen oxide were identified
as the reaction products.®? Presumably, nitramide forms as
the primary product and further decomposes in statu nas-
cendi:

[NH,] + NO> —»> [NH,NO,] —»> N,O +H,0.
la

Since isolation of nitramide from the ammonia nitration
products proved to be very difficult problem, the aforemen-
tioned methods did not find wide application.

3. Nitration of ammonia sulfo derivatives

Ammonia sulfo derivatives are more promising starting
compounds as compared with ammonia due to reduced
basicity of the amide group. Nitramide can be synthesized
by nitration of salts of imidosulfuric (16) and nitrilotrisul-
furic (17) acids with mixtures of nitric and sulfuric acids at
—15 °C, albeit in low yields.®

HN(SO3K)» j o
16 HNO3 — H2804 OzNN(SO:;H)z 2!
N(SO3K)3

17
—> NH)NO; + H>SOy4.

Nitration of sulfamic acid (18) did not result in nitra-
mide; presumably, the intermediate, nitrosulfamic acid
(O,NNHSO3H), decomposes in statu nascendi.? %4

Later, it was established °° that the reaction of sulfamic
acid with nitric acid proceeds quantitatively with formation
of dinitrogen oxide. From kinetic studies of this reaction it
was inferred °¢ that preference should be given to direct
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displacement of the sulfo group bound with the nitrogen
atom of the amino group by the nitronium cation rather
than intermediate formation of nitrosulfamic acid.”-%8

HoNSOsH + HNO3 —> [NH,NO,] + H,SOy4

18 l
H,O + N,O

This reaction is the simplest method of synthesis of pure
dinitrogen oxide.

The problem of nitration of sulfamic acid aimed at
nitramide isolation was also discussed in early studies.?® 101
Sulfamic acid reacts with inorganic nitrates with evolution
of dinitrogen oxide at substantially lower temperatures than
the decomposition temperatures of the corresponding salts.
At temperatures near 100 °C, the reaction of sulfamic acid
with ammonium nitrate proceeds very vigorously with
flashing at the end.!°® These chemical transformations can
be represented by the following scheme:

100°C, NH,NO, + NH4HSO,
la
H,oNSOsH + NH4NO3; — l
18 H,0 + N>O

> NH4SO3NH2 + HN03

Nitration of sulfamic acid with nitric acid in the pres-
ence of sodium nitrate afforded nitramide in a yield more
than 20%.7°

Development of a new method of synthesis of nitramide
by nitration of sodium sulfamate (19) with 95% HNO3 free
from nitrogen oxides at temperatures from —50 to —20 °C
had become a considerable achievement. The yields of
nitramide amount to 45% —50%. In the presence of sodium
nitrate, the yields increase to 80% (according to the results
of potentiometric titration).!0!

HNO
H,NSO3Na ——» NH,NO, + NaHSO,.
19 NaNO; 1a

This procedure became the second (after that of Thiele
and Lachmann) efficient preparative method, which
acquired wide popularity.

4. Synthesis of nitramide from urea, guanidine and biuret
nitro derivatives

Nitramide can be prepared by decomposition of nitrourea,
nitroguanidine and nitrobiuret,'02-195 but yields of the
target product are very low [for example, only 6% in the
decomposition of nitrourea (20)].

/NH;
— > O:C\ + NH>NO;

OH la
21

|

HOC=N + H,O
23

It is believed that unstable carbamic acid (21) formed
upon decomposition of nitrourea yields is the source of
ammonia giving rise to ammonium salt of nitramide (22)
and ammonium carbamate (15).!°° The unstable aci-form

decomposes rapidly to dinitrogen oxide and water,!035-107
which precludes isolation of nitramide in higher yields.

NH2 NHZ
% HO~ % N _
0=cC — |0=C__ + NH,NO, — [NH; NHNO; ]
20 NHNO, OH la 22
21
NH; NH,CO;
15

Low yields of nitramide can also be associated with
decomposition of nitrourea to dinitrogen oxide and cyanic
acid (23), avoiding the step of nitramide formation.'0%

Nitramide is also the reaction product of nitrourea with
liquid ammonia at —33 °C.!1%° The yield of carbamide was
up to 91%. Nitramide formed decomposes at very high rate
so that it could be detected only by indirect methods.

NH_’Z NH2
/ —-33°C /
O0=C + NH; —> NH.NO:> + O:C\
20 NHNO: 1a NH»
The most suitable method for the synthesis of nitramide
is based on the use of N,N’-dinitrourea (DNU, 24) 43-110 55
the starting compound,which was synthesized for the first
time by nitration of nitrourea with nitronium salts.!!!
NH»
/s NO,BF,
O:C\ —— O0=C
20 NHNO> 24

NHNO,

VRN

NHNO,

N,N'-Dinitrourea is an extremely reactive compound
and decomposes to nitramide upon action of water.

NHNO>
/

0=C
24 NHNO,

H,O
2+ 2NH-NO>.

2

Replacement of the nitrating reagent by more available
and technology-friendly mixture of nitric acid and
oleum #3- 110-112 and refinement of this procedure made it
possible to develop a method for the synthesis of nitramide
from urea without isolation of fairly unstable DNU.

Az o HNO2 o
0=C — |0=C —= > 2NH,NO-.
AN H>S04 AN —CO,
NH» NHNO, la
24

This procedure consists of the following consecutive
operations: nitration of urea with an anhydrous mixture of
nitric acid and 20% oleum, dilution of the reaction mixture
by pouring it onto ice, extraction of DNU with ethyl
acetate, washing of the extract with ice-cold water, hydrol-
ysis of DNU to nitramide, removal of the solvent in vacuum
and reprecipitation or recrystallization.

In the course of this synthesis, DNU precipitates from
the reaction mixture and can be filtered off (with necessary
precautions). It is a strong acid with pK, = —0.13, its salts
are stable. 119113114 An adduct of urea with DNU (25) is of
interest for the isolation of nitramide because it is rather
insensitive to mechanical impact and is well stored. High-
purity nitramide can be obtained by mere dissolution of this
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adduct in aqueous sulfurlc .301d, extraction of the target HOCH,NHCHO Cl'lz(NHNOz)zm)> NH>NO,
product with ether and isolation by well-known methods.!!3 29 la N-O
. > HOCH,;NCH,NHCHO + NH,;NO,
NH2)>:CO - (NHNO,),cO 1250+ (diue) |
(NH>), 25( 2) — NO, 1a
l —HCHO T —HCHO

—> 2NH,NO; + CO; + (NH3),CO-H,SO04.
1a

Hydrolysis of N-methyl-N,N'-dinitrourea (26) produces
methylnitramine (8) together with nitramide.!®

NMeNO,
/ H-O
O0=C —> NH>NO; + MeNHNO,.
2 NHNO, 1a 8
Decomposition of N,N’-dinitroguanidine (27) in aque-
ous sulfuric acid also gives nitramide, but it decomposes
because of high acidity of the solution.!!”

NHNO,
/ H-.O
HN=C —_— (NHz)zCO + [NHzNOZ]
AN H>SO4
57 NHNO: l

H,O + N,O

5. Decomposition of nitramines

Electrochemical decomposition of 1,3,5-trinitro-1,3,5-tri-
azacyclohexane (hexogen or RDX, 28) afforded nitramide
identified by HPLC,!'® the following scheme of decomposi-
tion was proposed:

1‘\102 1710
N N
( ﬁ 2e—,2H* ﬁ 2e—,2H*
—_—
N —H.0 N_ N
o.N" > nNo 0N > No,
28
wHOH
N
— ) o
_HNO, —2CH,0, —NH
N N\ s 2, 3
0.N" > No,

H,O
—> CHy(NHNO,), —> 2 NH,NO, + HCHO.
29 1a

Alkaline hydrolysis of cyclic nitramines in aqueous so-
lutions resulted in a variety of decomposition products
including methylenedinitramine (29), nitramide (1a) and
hydroxymethylnitramine (30)'!"® identified by different
techniques.

o
N
N r \w
r NO NN H:0
N_ _N —NO:
0N~ \zs/ “NO, O:N NO:

HNCH,;NCH,NHCHO

!
NO, NO;

—>Hl‘\ICH2NHCHO + HOCH;NHNO;,
NO; 30

Action of a municipal sludge as a source of micro-
organisms on 1,3,5,7-tetranitro-1,3,5,7-tetrazacyclooctane
(octogen or HMX, 31) at pH 7 resulted in sufficiently fast
conversion of this compound to dinitrogen oxide and form-
aldehyde. Analysis of reaction mixture by HPLC-MS
revealed characteristic ions that were identified as molecular
ions of methylenedinitramine (29) and bis(hydroxymethyl)-
nitramine (32).120

Alkaline hydrolysis of hexogen (28) and octogen (31)
with ethanolic potassium hydroxide in acetone was inves-
tigated and one of the decomposition products, viz., dipo-
tassium salt of methylenedinitramine 33 was isolated in the
yields 30% and 70%.!2!

°
AN Ko ok
NN Me>CO 2 1 2B)2-

0.N" \zs/ NO,

In turn, heating of salt 33 in DM SO produces nitramide
and 1,3,5-trinitro-1,3,5-triazapentane (34).!22

CH>(NHNO»), m NH>NO;, + HNCH,NCH,NH

\ \
2 1a NO, NO, NO»

34

This reaction indirectly completed the decomposition
chains of hexogen (28) and octogen (31) to nitramide via
methylenedinitramine (29).

6. Miscellaneous methods

Nitramide can be prepared by solvolysis of nitroacetamide
in methanolic hydrogen chloride 23 for 15 min at 30 °C.
The yields of the product depended on the isolation proce-
dure. Sufficiently pure nitramide can be prepared by rapid
evaporation of the solvent with subsequent washing of the
precipitate with an inert solvent.

NHNO>
/ HCIl, MeOH
O0=C ————— NH2NO.,.
AN 30°C
Me 1a

Nitramide was detected in products of oxidative fixation
of molecular nitrogen by hydrogen peroxide in two different
forms, viz., as nitric acid amide (1a) and imide (1b).!2*

OH
/
N> + H,O> —> NH,NO, + HN=N + HON=NOH.
N
1a b O 2a

Nitramide synthesized by different methods is purified
by reprecipitation,® recrystallization*? and sublimation in
vacuum.47- 123
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IV. Chemical properties of nitramide

1. Decomposition of nitramide in aqueous solutions under
action of bases

Kinetics and mechanism of base-catalyzed decomposition
of nitramide have been the subject of numerous studies,
those by Bronsted et al.5¢57-126:127 must be considered as
fundamental. Bronsted was the first to investigate general
base catalysis of decomposition of nitramide, specific ion
effects, catalysis in nonaqueous solutions and kinetic iso-
tope effect.

Bronsted and the majority of other authors carried out
kinetic measurements by monitoring the evolution of dini-
trogen oxide.!26-128-130 Since nitramide exhibits acidic
properties and its decomposition products are neutral, the
reaction between the substrate, i.e., nitramide, and a base as
a catalyst results in changes in the concentration of the
latter in the course of reaction. This permitted the use of
only weak bases and restricted experimental pH values by
the region with pH lesser than pK, of nitramide. Bronsted
elucidated the mechanism of decomposition in which the
isomerization of nitramide was considered to be the first

intermediate step.!2°
H\ /Q /OH B
N=N b /N:N ——> BH" + N,O + OH—,
H 4. (0] H [6)
B is base.

Spectrophotometric monitoring of nitramide concentra-
tions made it possible to reduce the concentration of the
substrate (to 10~% mol litre—') and thereby eliminate prob-
lems associated with consumption of the catalyst. Thus, it
became possible to use rather strong bases and bring the
reaction to completion.44- 131133

Presumably, preliminary isomerization of nitramide is
not obligatory and nitramide is deprotonated immediately
under the action of a base. 44 131

H P 0

N—N
/ S

B
—> BH" + N,O + O~

H ,, © H ¢ ©

It was established that the generally accepted pathway
of decomposition (with isomerization) takes place in the
presence of bases with pKgy+ < 8, and the second pathway
(without isomerization) is more characteristic of bases with
pKgu+ > 10. Both processes can occur with bases possessing

pK values in the range between these two limiting cases.

NH>NO>
la
“ NHNO; + H*
6
NHNO,H
1b

E» NoO + Ha0 <2

The mechanism of the base-catalysed decomposition of
nitramide in aqueous buffered solutions of monofunctional
alcohol anions (RO™) and bifunctional gem-diol mono-
anions [RoC(OH)O ] was investigated; it was shown that

the monofunctional anions give a good Brensted relation,
while the bifunctional anions deviate from this relation. The
latter are more reactive than predicted. Apparently, the
bifunctional anions act as bifunctional acid-base catalysts,
which donate and withdraw protons through a cyclic
transition state A.

OH o~ O--H--0
R,C + N=N  —>|R,C N—O| —>
/ 7
o- H , © O--H--N

A
a
—> RsC( +N:0 + OH".
OH

The rate constants for nitramide decomposition at
20.4 °C in aqueous solutions containing mono-
(CF3CH>0 ™) and bifunctional anions [MeC(CF3)(OH)O ]
are equal to 0.951 and 1.26 litre mol—! s—!, respectively.!3!

Examination of proton transfer in the base-catalyzed
decomposition of nitramide suggests that it is complexes of
the anions of nitramide with the starting molecules (not the
anions of nitramide themselves) that possess higher chem-
ical reactivity (instability).!34

HoN—NO>; + HN—=NO; —= [H,N—NO,---HN—-NO, .
1a 6

Water reacts with nitramide as a weak base and enables
its dissociation.!2¢

H,O + HbNNO, —= NHNOE + H30+.
1a 6

The rate constant for the decomposition of nitramide in
water (as the first-order reaction) is 41.9 x 10~> min—! at
15°C, which is higher than that in 0.01M HCI
(3.9x 10=°> min—"), i.e., the decomposition of nitramide in
dilute acidic aqueous solutions proceeds slower than in
water. However, this process in water is very slow and is
considered to be non-catalytic.

The non-catalytic decomposition of nitramide in water
also proceeds via the tautomeric form 1b.The most probable
mechanism of this decomposition, as can be suggested,
includes a cyclic transition state in which two molecules of
water are linked by hydrogen bonds. Here one molecule of
water acts as a proton-donor and the other acts as a
base.135.136

—> 3 H,0 + N,O.

O

Thus, the non-catalytic decomposition of nitramide
must be defined as a concerted process without involving
an intermediate and it qualitatively differs from the acid- or
base-catalyzed processes.

The rate of nitramide decomposition in D>O was found
to be lower than in H>O.”8 Dissolution of nitramide in D>O
results in exchange of both protons and formation of
D>NNO, at a rather high rate.!37
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2. Behaviour of nitramide in non-aqueous media
Decomposition of nitramide in a 80 :20 mixture of dimethyl
sulfoxide with water catalyzed by anions of organic acids
(ButCO2H, AcOH, BnCO>;H, CICH,CO:H, etc.) proceeds
at lower rates as compared with decomposition in water in
the presence of the same catalysts.!38

The effect of solvents on the decomposition of nitramide
catalyzed by aniline derivatives was investigated and the
observed rate constant for decomposition (ker) was
shown!39-142 to depend on the dielectric constant of the
solvent. The lowest value of k.r was observed in non-polar
solvents, e.g., in diethyl ether, and the highest one was
observed in solvents containing hydroxyl groups.!4?

This regularity was also confirmed by the results of
studies of nitramide stability in different solvents.'?> Higher
stability in acetonitrile and ether and lower stability in
isopropyl alcohol were explained by association of nitra-
mide molecules with the molecules of these solvents through
H-bonds, which was further confirmed by NMR studies.>*
In hydroxyl-containing solvents, the association has more
complex character due to an increase in the acidity of the
protons of the amino group and formation of the unstable
anion [HNNO,---HOR] .

Decomposition of nitramide in mixtures of dioxane with
water at 20 °C decreases 42-fold as the concentration of
dioxane increases from 0% to 92.5%, and 80-fold at
50 °C.143

3. Acid-catalyzed decomposition of nitramide
Studies on decomposition of nitramide in acid solutions
with acid concentrations in the range 0.01 —0.4 mol litre —!
and in the narrow interval of temperatures (from 15 to
25 °C) failed to reveal the dependence of the rate constants
on acidity of these solutions (or this dependence is very
weak).126. 144146

Distinct dependences of the rate constants on the acidity
of solutions were established for the acid-catalyzed decom-
position of nitramide in a wide range of concentrations up
to 20% —80% of hydrochloric, perchloric and sulfuric
acids.78- 135.147

A mechanism of the acid-catalyzed decomposition of
nitramide was proposed '33 that included the O-protonated
aci-form of nitramide (1d) and its nucleophilic cleavage with
water as the rate-limiting step.

O OH

+ +

H,N—N’ === HN=N +H =
N N
la O~ 1b O-
+
(oH,
e

— H*N:N\ —> H30*" + H,O + N2O.

1d O~

Thermodynamic calculations confirmed '4® that O-pro-
tonation of the nitro group is more preferable. The possi-
bility of N-protonation with formation of the species le is
not ruled out, but intermolecular rearrangement leads to the
proton transfer to the oxygen atom.

n
NH2NO> + H3NNO; —>
1a le

.
— > [HoN—NO,-— H--H,N—NO,] —>

i
—> H,NNO;H + NH,NO,;.
la

Only dinitrogen oxide and water were found as the
decomposition products of nitramide in acidic media.
Thus, the mechanism of the acid-catalyzed decomposition
of nitramide in aqueous acid solutions is similar to that of a
number of primary aliphatic nitramines.!4°~ 151

4. Nitramide as a nitrating agent in acidic media

As has already been mentioned, nitramide is a weak acid,
theoretically it can be N-protonated at the amino group in
both strong and rather weak acids. For example, in the
protonated methyl nitrate (35b)—nitramide system, the pro-
ton easily migrates to nitramide possessing more basic
properties.!>2

+
NH>NO; + HOMeNO, ===
la 35b
+
— [NOzNHz"’H”’OMCNOQ] —

=== NO,NH] +MeONO:.
le 35a

Transformations of nitramide in acidic media can be
represented by the following equation:

H +
NH>NO, 4‘T: H3;NNO>, —<> NH; + NO;.
1a B le

The negative charge on the N-atom of the amino group
of nitramide changes insignificantly upon protonation. It is
the charges on the nitrogen and oxygen atoms of the nitro
group and hydrogen atoms of the amino group that are
mainly affected (Fig. 3). According to calculations,'>3 the
N-protonation of nitramide results in the increase in the
N—N and N—O bond lengths from 1.427 and 1.206 A to
1.639 and 1.259 A, respectively.

+0.3702 —0.0176 +0.2550

H O H
N\ / N
H------ N—N_+0.3167

/—0.3911 AN
H 6]

+0.3701

—0.2012

N—N +0.2743

/—0.3821 AN
H (6]

—0.0181 +0.2550 —0.2012
Figure 3. Distribution of charges on atoms in protonated («) and non-

protonated (b) forms of nitramide.!>3

The possibility of N-protonation with subsequent deni-
tration has been discussed repeatedly,® '>3 but attempts to
identify the decomposition products of the nitramide
N-protonated form failed for a long time. Isolation of
some products of nitration by nitramide can be considered
as evidence for this reaction.** Nitramide decomposes in
concentrated sulfuric acid or weak oleum at temperatures
from 0 to —30 °C with formation of nitric acid as the
reaction product. At —30 °C, dinitramide can be identified
by spectrophotometry.

The addition of a nucleophilic reagent, for example,
urea, to concentrated sulfuric acid or oleum at 0+ 5 °C and
then nitramide affords nitrourea in yields up to 12%.

NH;
H>SO4 (conc.) /
NH>NO> + (NH,),CO —— > 0=C

AN
la 20 NHNO,
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Under similar conditions, toluene is converted to mono-
nitrotoluene and urethane forms nitrourethane in the yields
14% —16%.

Thus, under the specified conditions the decompositon
of the O-protonated form of nitramide is accompanied by
formation and decomposition of the N-protonated form;
nitric acid and ammonium hydrogensulfate together with
dinitrogen oxide and water are the decomposition products
of this form in concentrated (> 94%) sulfuric acid.

NH,NO, H>SO4 (conc.)

1a

N,O + H,O + HNO3 + NH4HSOq,.

5. Reactions of nitramide with aldehydes

Back in the middle of the 20th century, some investiga-
tors 154155 considered the reaction products of nitramide
with formaldehyde as intermediates in nitrolysis of urotro-
pine or in decomposition of cyclic nitrolysis products. Since
polymethylenenitramines were formed as the prod-
ucts, !0~ 160 it was suggested that hydroxymethylnitramine
(30) and methylenenitrimine (36) served as the intermedi-
ates, but attempts to isolate these compounds failed.

The use of modern methods, in particular NMR, in a
study of urotropine nitrolysis made it possible to identify
various intermediates including bis(hydroxymethyl)nitr-
amine (32).!°! The mechanism of formation of hexogen
(28) was discussed in which nitramide hydroxymethyl deriv-
atives play the key role.

HOCH,NCH,NCH,NH
| —H0

NO, NO; NO;
HOCHzl\‘ICHzNHNOz + HOCH,;NHNO, —2H,0]
NO, 30 >
CH»(NHNO»), + OoNN(CH>OH)>
29 32

3 HOCH,NHNO,
30

—2H0

—3H,0

More detailed investigations of decomposition of cyclic
nitramines [hexogen (28) and octogen (31)] 62165 together
with the analysis of their thermodestruction,'®® as well as
computer simulation of thermodestruction of these com-
pounds and N,N’-dinitropiperazine 167169 allowed suggest-
ing with high probability a scheme of decomposition of
cyclic nitramines via methylenenitrimine (36).166

e

N N

R R
/N\/N\ —NO» /N\/N\

OxN NO; O:N NO

28

N
SCH, :

I Q —> H,C=NNO, + H,C=NCH,NNO,

OzN/ ~~ \1\102 36 l

|

HCHO + N0 H>C=NNO, + N=CH>

The use of isotopically modified compounds made it
possible to obtain results essential for the interpretation of
the mechanism of thermodestruction.!”’® From the study of
thermolysis of octogen (31) containing the '3N-labelled NO,
group and the “N-labelled amino group it was concluded
that it is the C—N bonds rather than the N—N bonds that
undergo predominant cleavage. A mechanism of the ther-
modestruction with simultaneous cleavage of four C—N
bonds with formation of methylenenitrimine (36) was pro-
posed.

NO>

|
N

O,N— —NO; — 4H,C=NNO,; —4HCHO + 4N0.

N N
./ .
31 1i] Oz

Bis(nitraminomethyl) ether (37) was synthesized by an
indirect route; this crystalline compound proved to be very
reactive.!”!

NO;
\ KOH H,S04
NCCH,CH-NCH, ) O =———> (KO,NNCH,),0 ——cn>
> K>SO,
CH>-NHNO,
—> 0
\
CH>-NHNO,
37

Bis(hydroxymethyl)nitramine or (2-nitro-2-azapropane-
1,3-diol, 32) can be obtained by coupling of nitramide with
formaldehyde in aqueous solutions.*3-69.172

NH>NO; + 2HCHO —> O>NN(CH>OH),.
la 32

The changes in proportions of the reactants result in
polymethylenenitramines 38 in high yields.!73

nNH,NO; + nHCHO —> H(NNO,CH,),OH.
la 38

Bis(hydroxymethyl)nitramine (32) is used for the syn-
thesis of a number of cyclic nitramines,'’* including

1,5-dinitro-3,7-endomethylene-1,3,5,7-tetrazacyclooctane
(DPT, 39), which is the intermediate in production of

octogen.
N
e
O>N—N N—NO,
W\

39

NH3, pH 5-5.5

O,NN(CH>OH), HCHO (excess)

32

Since urea is the most available starting material for the
synthesis of nitramide, the method of the production of
DPT from urea has great perspectives.!”7> 176

NHNO
NILLco HNOs | ? HCHO
(NH>)> mso,~ |0= N

NHNO,
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N(NO,)CH,OH )
oec” H,0, 40 °C
RN —CO,
N(NO,)CH,OH

NH;
— 2 HOCHZNHNOZJ — 39
30

Synthesis of DPT from nitrourea'”’ proceeds presum-
ably via bis(hydroxymethyl)nitramide (32) 7% as well.

The reaction of nitramide with formaldehyde in the
presence of sulfuric acid produces a number of products.*?
If this reaction is carried out in ethyl acetate at temperatures
from —8 to —5 °C for 20 min, methylenedinitramine(29)
can be obtained in yields up to 90% [reaction (1)]. Coupling
of nitramide with paraformaldehyde in 90% sulfuric acid
results in a mixture of methylendinitramine and 1,3,5-
trinitro-1,3,5-triazapentane (34) [reaction (2)], the yields of
the latter is 30% —36% following separation and additional
purification.

NH>NO, + HCHO —>

la

94% H,SO

ﬁ» CH,(NHNO»), )
I 29 (90%)

90% H>SO
04, N(CH:NHNO,), + CHANHNOs) ()

\
NO; 34 (30% —36%) 29

The ratio nitramide: formaldehyde varies in the range
3:1. The reaction (1) is a very suitable method for the
efficient synthesis of methylenedinitramine.

The reaction with a twofold excess of formaldehyde
results in 3,7-dinitro-1,5-dioxa-3,7-diazacyclooctane (40) in
yields up to 80%.

o)
NH>NO; + 2HCHO —> O,N—N N—NO»
1
a o
40

Condensation of nitramide with furfural produces the
corresponding N-nitroaldimine (41).17°

R
CHO 1, o ~CH=NNO;
41

O

This is the only example of identification of nitrimine as
the coupling product of nitramide with aldehydes.

6. Nitration of nitramide

Nitration of nitramide with different nitrating reagents
results in dinitramide 7. The yields of dinitramide upon
nitration with nitronium salts in acetonitrile or ethyl ace-
tate 88180 as well as by mixtures of nitric and sulfuric
acids '8! are very high (85% —95%) and depend on the
methods of isolation of the product. This confirms once
more high reactivity of nitramide.

NOJA~
NH>NO, —— HN(NOg)z,
la 7

A is an anion.

The use of nitronium salts as the nitrating agents
permits this reaction to be carried out in various solvents
and in a wide range of temperatures. Nitration of nitramide
with nitric acid or with mixtures of nitric and sulfuric acids
must be performed at temperatures from —30 to —35 °Cin
order to conserve the resulting dinitramide (7). In this case,
the maximum yield of the product can be achieved within
5—7 min after beginning of the reaction.

Direct nitration of nitramide in the gas phase was
studied by spectrometric method and computer calcula-
tions; it was assumed that the ions [HoN304]* with different
structures can be formed in the course of the reaction,'$2 for
example:

HZN—1TI—0—1\102 ’
0

[0sN—NH,—NO,]*+

7. Reactions of nitramide with acid anhydrides

The reaction of nitramide with chlorine(VII) oxide in CCls
in a wide range of temperatures and concentrations of
CLO7 (from 5% to 50%) was investigated, the evolution
of N>O was observed.'83 In the reaction carried out at
20 °C, fast decomposition of nitramide occurs and solid
oxonium perchlorate forms.

C1307
NH>NO, —— H,0 + N0,
Ia CCly

ClLO;7 + 3H,O —> 2 H30ClO4.

At —40°C, the reaction proceeds very slowly and the
intact nitramide can be found in the solid phase.

Nitramide dissolved in acetic anhydride affords nitro-
acetamide in yields up to 40% at room temperature.*3

/NHNOZ
NH>NO> + (MeCO),0 —> O:C\
la Me

Recently, the possibility of nitramide acylation with acid
anhydrides has been demonstrated, which opens up new
prospects for the use of nitramide in organic synthesis.

8. The use of nitramide in synthesis of organosulfur

nitro compounds

Nitramide reacts with sulfoxides in the presence of acetic
anhydride with formation of sulfonium N-nitroimides 42.184

Ac,O + —
R'R2S—0 + NH,NO, —> R!R2S—N—NO,,
la 42
R!, R? = Me, Et, Ph.

The yields of the target products 42 (from 15% to 65%)
depend on the nature of substituents.

The same compounds can be obtained by exchange
reaction between iodonium N-nitroimides and dialkyl sul-
fides, for example:

+ — Me,S
0-NO>C¢H4IO + NH>oNO>, —> 0-NO,CgH4yl —N—NO, —>
la

+ —
e 0-N02C6H4I + MEZS*N*NOZ .
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The results of investigation of spectral properties and
calculations of crystal lattice parameters of sulfonium
N-nitroimides are documented.!®> A comparison of the IR
spectra of nitramide (1a) and dimethylsulfonium N-nitro-
imide in the range 1600 —1200 cm~! reveals that absorption
bands of the nitrimine group of the latter are shifted to the
long-wave region: 1402 and 1273 cm—! (for nitramide, these
are 1546, 1534 and 1379 cm—1).

Pentafluorosulfanylnitramide salts were obtained by
reaction of basic reagents with octyl N-(pentafluorosul-
fanyl)- N-nitrocarbamate (43): in particular, potassium
salt 44 was obtained '8¢ upon action of potassium meth-
oxide in methanol.

KOMe

n ————»
SESN(NO2)COCsH 170 egm— e

43

+
—— KSF;NNO; + MeCO,CgH7-n.
44

This reaction is carried out in anhydrous media at
temperatures from —40 to —60 °C. Structures and melting
points of pentafluorosulfanylnitramide salts are close to
analogous parameters of dinitramide salts, but exceed
them in densities. For example, the melting point and the
density of potassium dinitramide are equal to 139 °C and
2.20 g ecm~3 | and for potassium pentafluorosulfanylnitra-
mide (44) they are 137 °C and 2.56 g cm 3, respectively.!86

9. Miscellaneous reactions

Alkylation of nitramide with diazomethane leads to dime-
thylnitramine.'®7 This is a single known reaction of nitra-
mide alkylation.

NH2N02 + CH2N2 e MezNN02 .
la 9

Nitramide reacts with silver cyanate to produce nitro-
urea.!0?
NH»
HCI /
NH,;NO;>; + AgOCN ——> O:C\
la 20

+ AgCll.
NHNO,

This is indirect evidence of reversibility of the synthesis of
nitramide from nitrourea.

Hydrogenation of nitramide with hydrogen in acid
solutions on different catalysts does not produce hydrazine.
The total destruction of nitramide molecules occurs with
formation of nitrogen and water.'88

Polarographic reduction of nitramide revealed two
cathodic polarographic waves, the half-wave potentials
being pH-dependent. The minimum values of these poten-
tials are 1.22 V at pH 4.5 and 1.58 V at pH 8.8. Presum-
ably, nitramide converts first to nitrosoamide (45) and then
to hydroxyhydrazine (46).'8°

2e- 2e-
NH2NO» ——» NH,NO ——» H,NNHOH.
1a 45 46

Nitrosoamide (45) was found as the nitramide ionization
product by electron impact in an ionization chamber of a
mass spectrometer.'?3 Nitrosoamide was stable for suffi-
ciently long period of time to be detected.

NH,NO;* —> NH,NO*' —» NH,NO.
45

Non-empirical calculations of the enthalpy of formation
of nitrosoamide from the elements at 0 K showed that this
value is 76.6 kJ mol—! higher than that of nitramide. The
N—N bond in nitrosoamide is shorter (1.343 A), than in
crystals of nitramide (1.401 A).190

Over the past few years, considerable attention has been
concentrated on the possibility of nitro—nitrite rearrange-
ment in nitramide. In spite of the absence of direct exper-
imental investigations of this reaction, the results of
calculations suggest the possibility of this process. Different
mechanisms of the rearrangement are considered in the
literature.

As has already been noted (Section I1.2), the nitro—
nitrite rearrangement may proceed in the thermal decom-
position of nitramide.®> The MCSCF/4-31G optimized
transition state for rearrangement of NH>NO, to
NH>ONO is shown in Fig. 4.

Figure 4. Optimized transition state in nitro —nitrite rearrangement.%%

A one-step variant of the rearrangement is preferred in
the study.!°!

With the use of the second-order multiconfigurational
perturbation theory (CASPT2), potential energy surfaces
were calculated for the process of nitramide decomposition
(NH2NO; - NH,+ NO») and for the nitro—nitrite isomer-
ization of nitramide. Computations of numerical energy
gradients for stationary points give evidence that the iso-
merization of nitramide proceeds through two-step path-
way.192

NH;NO, —» NH; + NO, —> NH,ONO.
la 5

The second step requires overcoming of an activation
barrier.

Compound 5 in the form of hydrochloride was assumed
to form also in the reaction of nitrosonium tetrafluorobo-
rate with hydroxylamine hydrochloride.!??

NOBF,
HONH,-HCl ———> ONONH,-HCI.

Nitrodiazonium tetrafluoroborate (47) !°4 is obtained in
the reaction of nitrosonium tetrafluoroborate with nitra-
mide in dichloromethane at 0 °C. Nitrodiazonium tetra-
fluoroborate reacts with toluene added to the reaction
mixture with evolution of nitrogen and formation of a
mixture of o-, m- and p-nitrotoluenes.
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CH,Cl, + _ PhMe
O:N—NH; + NOBF; —-5> [0:2N—N=N BF;] ——
la 47 ’
Me
I N02

It is believed 194 that toluene is nitrated with nitronium
tetrafluoroborate, which originates from nitrodiazonium
tetrafluoroborate.

. +
ON—N=NBF; —> NO,BF; + Na.
47

V. Conclusion

Modern investigations devoted to structure and physico-
chemical properties of nitramide confirm unambiguously
the structure of nitramide as nitric acid amide (or nitr-
amine). Calculated parameters of the structure of nitramide
and a number of its characteristics are used as the reference
values in investigations of structures and properties of
primary and secondary nitramines with different substitu-
ents at the nitrogen atom.

Nitramide can be obtained upon destruction of nitr-
amines as well as upon nitration of ammonia and its sulfo
derivatives. The main condition of the successful prepara-
tions of nitramide is to preserve it in reaction mixtures
during formation and isolation. From this point of view, the
methods for the synthesis of nitramide from N,N’-dini-
trourea and its salts as well as from nitroacetamide are the
most promising.

High reactivity of nitramide manifests first of all in
reactions involving the NH» group. Nevertheless, recent
studies show that under more drastic conditions, for exam-
ple, in gas-phase interconversions of nitramide, reactions
involving the nitro group can occur. Such reactions as the
nitro —nitrite rearrangement, formation of nitrosoamide in
thermal destruction or reduction of nitramide are the
examples.

The interest of scientists in investigations of properties
of nitramide and methods of its synthesis does not cease for
more than 100 years. This fact demonstrates that the
chemistry of nitramide is still far from being exhausted.
Literature data about alkylation of nitramide and its
reactions with acid anhydrides are very scarce. Reactions
of nitramide with aromatic aldehydes, especially with hete-
rocyclic ones, and with glyoxal are also investigated
scarcely. It is in this field that very promising ways of
synthesis of new and well-known chemical compounds are
opened.
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