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Methods of making primary aliphatic nitroamines are considered.

In addition to the well-known traditional methods for the

preparation of nltroamlnes llttle known methods for making them are examined and prospects for their further development

are discussed.

This review is the first attempt in the world s literature. to systematise the wealth of published material on primary aliphatic
nitroamines.” The hterature ts covered up ‘to the end of 1967 or beginning of 1968. There is a bibliography of 207 references.

CONTENTS

I. Introduction
1. Methods of making primary nitroamines
111, Physical properties and structure
IV. Chemical properties
V. Analytical determination
VI. Certain aspects of practical use

I. INTRODUCTION

The progress in the chemistry of aliphatic nitro-com-
pounds has stimulated interest in the nitroamines. This
is shown by the large number of journal papers and patents
published in recent years. The interest in the chemistry
of aliphatic primary nitroamines arose not only because of
the most interesting conversions of these compounds!-3,
but also the wide range of practical applications -1,

Isolated facts about the methods of preparation and
properties of the primary aliphatic nitroamines can be
found in monographs and review papers devoted to the ni-
tro~compounds }»!2-4, However, many of these papers
are out of date or do not give sufficiently complete infor-
mation about primary aliphatic nitroamines. There is no
previous review paper on nitroamines in the Russian liter-
ature.

The present review surveys the published information
on aliphatic primary nitroamines up to the end of 1967. In
doing this the classical studies of Franchimont and his
students and also other work on nitroamines carried out at
the end of the last century is cited only where necessary
and for the purpose of completeness in the material given.
The early studies on nitroamines were surveyed more
completely in 1912 by Baker?®.

Historically, two main periods can be distinguished in
the development of the chemistry of the primary aliphatic
nitroamines. The first began in 1888, when Franchimont
synthesised methyl nitroamine!5,!8, and continued for 20-
25 years. This period is characterised by the appearance
of fundamental studies on the nitroamines by such investi-

gators as Franchimont 1¢-28, Klobbie !%:1721,28 van Erp2%2930,
Hantzsch33-37 Baker ',3%3° and others°-5,

Romburgh 3,32,
After 1915 until the nineteen-forties there was little inter-
est in the nitroamines. But in 1948-1952 a long series of
papers by Lamberton and coworkers?:6-55 appeared, as
well as interesting papers by Wright and coworkers5¢-0,
the work of McKay® -7 and others”-%, Interest in ni-
troamines was reawakened and has not diminished since.
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II. METHODS OF MAKING PRIMARY NITROAMINEST

Most of the known methods of making nitroamines can
be divided into four groups: (1) the nitration of amines
with preliminary protection of the amino-group; (2) the
nitration of N-dichloroamines (Smart and Wright's method);
(3) synthesis of nitroamines from nitroguanidine; and (4)
direct nitration of amines by certain nitrating agents.
There are also a few methods which at present are not of
a general nature.

1. Nitration of Amines with a Previously Protected
Amino-Group

Primary nitroamines, with rare exceptions, are readily
decomposed by concentrated acids and cannot be obtained
by the nitration of corresponding amines with nitric acid or
its mixture with sulphuric acid. For the successful nitra-
tion of an amino-group it must first be protected. = There
are four main stages in the preparation of primary nitro-
amines by this method: (1) introduction of a protective
grouping into the amino-group; (2) nitration of the protec-
ted amine; (3) removal of the protective grouping; and
(4) isolation of the nitroamine.

Acetyl, formyl, oxalyl, alkoxycarbonyl, carbonyl,
picryl, tosyl, and cyanoethyl groups can be used as the
protective groupings.

The simplest of the primary nitroamines —methylnitro-
amine—was synthesised by the introduction of the oxalyl
group into methylamine2!:

 NOa
HNO, ( i ]

NH,, ether
CH3NH, + (COCl); — (CHaNHCO): CHyNCO /,
»llo, NO,
|
— CHyNH - NH; 2L, CH,NH.

1 Here and subsequently primary aliphatic nitroamines
are being discussed, therefore the term “aliphatic” is
often omitted.
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The protection of amines by the oxalyl group is general
and is used for the synthesis of a series of primary nitro-
amines and also of ethylenebisnitroamine?2!,43,8, The
symmetric dialkyloxamides are readily nitrated with nitric
acid or nitrating mixture. An example is the nitration of
polynitroalkyloxamides 82 ~84;

OC‘NCHHZCHZC (NO,)s
OCNHCH,CH;C (NOj)s
HNOL4 1,50, oc|N (NO,) CHoCH,C {NOy)q
OCN (NO,) CH;CH,C (NOy)s .

OCOC,H;
+ 2HyNCH,CH,C (NQOy)5 —
OCOC,H;

The removal of the oxalyl group proceeds smoothly un-
der the action of ammonia or boiling water.

Franchimont and his students %% used an alkoxycar-
bonyl group as well as oxalyl as a protecting group in the
nitration of amines. The method of preparing primary
nitroamines through alkylnitrourethanes was subsequently
perfected and developed and is now very important.

N -Alkylcarbamates are usually obtained by the reaction
of esters of chlorocarboxylic acids with alkylamines in the
presence of alkali®. However, often N -alkylcarbamates
can also be obtained by other methods and they are more
accessible than amines. A method of obtaining N -alkyl -
N -nitrourethanes by the alkylation of nitrourethane with
diazo-compounds or alkyl halides is interesting in this
connection 55,87

RCHN, - HN (NO,) COOC,H, ——
|~ RCH,NCOOCH.
RCH,Hal -+ AgN (NO,) COOC,H; — [
NO.

The production of various polynitroalkyl carbamates by
the decomposition of azides of polynitrocarboxylic acids in
the presence of alcohols, the reaction of isocyanates with
alcohols, etc., has been described 8 796;

’ 2 AcyO
RC (NOs)s CHyCHyCHy —X"%_, RC (NO,), CH,CH, NHCOOR 0420
I

— RC (NO,), CH,CH,NCOOR’ ,
Yo,

The nitration of N -alkylcarbamates is usually under-
taken under the action of a sevenfold to fifteenfold excess
of concentrated nitric acid !%3%,2%,85,97  Curry and Mason 8
proposed a mixture of acetic anhydride with nitric acid,
which was more effective than nitric acid alone. This
mixture nitrated many alkyl carbamates, including t-butyl
carbamate, and also polynitroalkyl carbamates %, whereas
N -alkyl carbamates with branched alkyl residues are not
nitrated by nitric acid3°, An attempt to use tetranitro-
methane for the nitration of alkyl carbamates was unsuc-
cessful %,

The removal of an alkoxycarbonyl group is usually done
under the action of ammonia in ethereal solution:

RNCOOC,H, —XHe: e, RNH . NHy + C;H;OCONH, .
ILIOQ NO.

Many alkylnitroamines and also ethylene-, trimethy-
lene-, tetramethylene-, and pentamethylene-bisnitro-
amines were obtained by this method!6,85,1%,  Hantzsch
and Metcalf 3® obtained N -nitroglycine and some of its de-
rivatives in a similar manner. Blomquist and Fiedorek 33
patented a method for making nitrates of nitroaminoalco-
hols of the type G,NOCH(R)CH(R’)NHNG,.

It was subsequently shown that not only ammonia but
also other amines are suitable for splitting N -alkyl-N -
nitrourethanes and that the amination of N -alkyl -N -nitro-
urethanes is general and can be used to obtain the amine
salts of primary nitroamines®. Hexamethylene-1,6-bis-
nitroamine was made in this way°.
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The hydrolysis of polynitroalkyl -N -nitrocarbamates has
not been described. Such a study should give interesting
information about the effect of electronegative groups on
the ease of removal of alkoxycarbonyl groups.

Primary nitroamines are often obtained by the nitration
of alkylureas. As long ago as 1888 Franchimont and
Klobbie !” nitrated imidazolid-2 -one with nitrating mixture
and then decomposed the 1,3-dinitroimidazolid-2-one with
water to ethylenebisnitroamine:

N N/ [‘\,o, Ifo’
HyC— -
T Nco —ENOuHLSO, | TET NG MO, yN_ CH,—CH,—NH .
HyC—N" HiC—NC

H NO;

Imidazolid-2-one can also be nitrated with nitric acid !,

In nitration, monoalkylureas are readily converted into
N -alkyl-N’-nitroureas; nitration of the nitrogen atom
connected with the alkyl group does not usually take place 8!,
An exception is methylurea, which is converted rather
smoothly into N -methyl-N -nitrourea. The latter can be
hydrolysed to methylnitroamine 39,

An interesting paper was recently published on the
preparation of the first representative of the N-dinitro-
amine series —methyl-N -dinitroamine, obtained by the
nitration of methylurea nitrate by a mixture of acetic an-
hydride and nitric acid 192:

HNO,+Ac,0 NO,
CHNHCNH; - HNO; - — > CH,N<
i

6]

In nitration, sym -dimethylurea is smoothly converted
into NN’ -dinitro-NN’-dimethylurea '3, We note that the
nitration of substituted ureas and their derivatives has not
yet been sufficiently studied and further investigations in
this field can lead to both the development of simple meth-
ods for making primary nitroamines and also to the prepa-
ration of other interesting compounds. This is shown by
the above study by Japanese scientists!® and also by other
investigationg 104-106,

The acetyl group is important as a protective group for
the nitration of amines. Thus, one of the methods of ob-
taining ethylenebisnitroamine is based on the introduction
of acetyl groups into ethylenediamine followed by the ni-
tration of ethylenebisacetamide with a mixture of nitric
acid and acetic anhydride®. The acetyl group is readily
detached with water, alkali, or ammonia. Methylenebis-
nitroamine was obtained from methylenediamine in a simi-
lar fashion*’. The synthesis of polynitroalkyl-N -nitro-
amines by the hydrolysis of polynitroalkyl -N -nitroacetamides
is described in the patent literature 107-109,

Formyl groups are sometimes used instead of acetyl for
the protection of amino-groups 19

N(Noy H

_/NHCHO
C 2
Lo

N (NOg H .

H, eV (V02 CHO
\NHCHO

*\N(NOy CHO

It is worth noting an extremely interesting method for
obtaining N -alkylacetamides and N -alkylformamides, based
on the condensation of the corresponding N -(hydroxy -
methyl)amides with nitroalkanes, for example, nitroform:

RCONHCH;OH -+ HC (NO)3 ~ RCONHCE,C (NOs)s - H:O ,

Unfortunately, the nitration of the trinitroethylacet-
amide and trinitroethylformamide thus obtained has not
been described.

Gillibrand and Lamberton used a tosyl group for the
protection of the amino-group®. The tosyl group is re-
moved under rather severe conditions but the yields of the
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primary nitroamines are reasonably high!!!, Piperidine
is a convenient reagent for removing the tosyl group!!:

NO; [/ \NH NO,

— — | N |
CHy—7__ }—SO,NHR - ety --S0NR Nes _><\ NHHNR.

An example of the production of methylnitroamine by the
removal of the picryl group from methylpicrylnitroamine
under the action of aniline or p-toluidine has been de-
scribed!:

NO,
N, N
0N~ S—N(NOjCHy +HN— Y - CHaH + >N Sxo0,,
< , p
NO, NO, N6,

Since alkylpicrylnitroamines are readily obtained in the
nitration of alkylanilines or dialkylanilines!?, the method
of making primary nitroamines by using a protective
picryl group opens up great possibilities.

Kissinger and Schwartz }'2 observed the cleavage of 2-
cyanoethylnitroamine in alkali into a salt of the nitroamine
and acrylonitrile:

RNCH,CH,CN + KOH ~» RTIK + CH,=CHCN ,
|
NO, NO,

Although only one example of this reaction has been de-
scribed, the readily accessible S-cyanoethylnitroamines,
which are obtainable by the nitration of the corresponding
aminonitriles 314 can probably serve as the initial com-
pounds for obtaining primary nitroamines.

An analysis of the methods of preparation of primary
nitroamines with pretected amino-groups shows that the
urethane method is the most universal, simplest, and most
available at the present time. In every instance there are
no indications in the literature of unsuccessful examples of
the nitration of N -alkylcarbamates or of the removal of
alkoxycarbonyl groups from N -alkyl-N -nitrocarbamates.

In this connection it is interesting to compare the nitration
of esters of glycine and S-alanine with the use of various
protecting groups. Whereas nitration of the N -acetyl de-
rivative of the methyl ester of 3-alanine gives the N -nitro-
amide in insignificant yield the corresponding urethanes
are nitrated quantitatively!!s:

NO,

|
CH3OCOCH,CH,;NHCOCH; — CH;OCOCH,CH;ONO; + CH;OCOCH,CH,;NCOCH ,
CHyZOCOCH;CH,NHCOG H; — CH;OCOCHgCHgTCOOCgH,.
I
o] NO,

The mechanism of the N -nitration of protected amines
has not been discussed in the literature and there have not
been systematic investigations in this field. A consider-
able drop in the basicity of the amine generally occurs on
the introduction of the above protecting groups. It is well
known that in the dialkylamine series strong bases without
catalysts are not nitrated at the nitrogen atom, whereas
amines of low basicity are nitrated rather readily!!.
Lamberton? considers that the reaction can proceed in two
ways, depending upon the basicity of the amine:

S HA TS = N No. = NN ()
DN-HERNO, 2 N0, =2 HN-NOy+H
H
+ —
SN—HAHNO, = >ri! ... HONO, = NH, + NO; . (1)

H

Strong bases react by scheme (II) and weak by scheme (I).
A protected amino-group is a weak base and its nitra-

tion can be described by scheme (I). The reversibility of

the nitration is evidence for this scheme. It is known that
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sym -dinitrodimethyloxamide in sulphuric acid solution is a
source of the nitronium cation and exhibits a nitrating ac-
tion?”, Similar examples have been given by Holstead and
Lamberton*e,

2. Nitration of N -Dichloroamines (Smart and Wright's
Method)

In 1948 Smart and Wright 5% proposed a new method for
obtaining primary nitroamines. They found that on treat-
ment of N -dichloroamines in an excess of acetic anhydride
with copcentrated nitric acid, chlorine is removed with the
formation of N-chloro-N -nitroamines. In a reducing me-
dium the latter lose a second chlorine atom and are con-
verted into primary nitroamines:

RNCI, HNO3+-Ac,O —~ RNCI Na,5,0s

R*:H

NO, NO, .

Butylnitroamine, isobutylnitroamine, n-octylnitroamine,
ethylenebisnitroamine etc. have been obtained by Smart and
Wright's method®%5?. The example of N -hexachlorotri-
ethylenetetramine has shown the possibility of the simulta-
neous substitution of nitro-groups for the chlorine atoms at
primary and secondary nitrogen atoms 57

(cnzr\zczl-x,cmf,rqc:2 ) _HNOy+4G,0
I

— CH,I‘IICH,CH,NCI ) -
! |
) (

Ja NO, NO,/,

 NeHSO, , (CH,NCHgCHgNH )
|

o, No,/,.

It is noteworthy that an intermediate N -chloro-N ~nitro-
amine has been isolated in a pure form in only one instance,
in small yield5%. Nevertheless it is evident that N -chloro-
N -nitroamines are more stable in acid than are primary
nitroamines, which also ensures that the reaction will take
place in the desired direction.

The replacement of a chlorine atom by hydrogen in N -
chloro-N -nitroamines is effected under the action of aque-
ous solutions of alkalis, sodium hydrogen sulphite, or
sodium thiosulphate5%57, When the product of the nitration
of s-butyldichloroamine was treated with an aqueous solu-
tion of alkali the yield of s-butylnitroamine was only 10%,
whereas sodium thiosulphate allowed the yield to be raised
to 65%. It was thought % that depending upon the medium
the intermediate N -chloro-N -nitroamine can be hydrolysed
or can undergo intramolecular loss of hydrogen chloride 58:

CH, CH,

. | |
— NaOH ¢ H,C=NNO, ~HC_, N0 + C,H,C=0

CH,
|
C,H,CH«I\II—NO, —
cl

CH;
_neson L o dneN
NH

There has not been a thorough study of the mechanism
of nitration of N -dichloroamines. In one of their papers?5¢
Smart and Wright suggested that nitric acid forms a com-
plex with the N -dichloroamine, the nitrogen of the amino-
group acting as a donor and the nitrogen of the nitric acid
as an acceptor. The complex which is formed is unstable
and readily loses hypochlorous acid to form an N-chloro-
N -nitroamine. Because of the introduction of the nitro-
group the N -chloro-N -nitroamine loses the donor properties
and reaction cannot proceed further to form an N -dinitro-
amine:

9
RCH,NCI, —M[RCH,N:*};IV—OFJ Hoa, RCH,::INO,—//—b RCH,N(NO,),
a o a
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3. Syntheses Based on Nitroguanidine

Nitroguanidine differs markedly from the primary nitro-
amines in its properties. Investigations in recent years 5!
have shown that this compound should really be given a
nitroimine structure. A review by McKay!* dealt with the
chemistry of nitroguanidine. The study of nitroguanidine
derivatives has led to the discovery of new original meth-
ods of making primary nitroamines, which are also dis-
cussed in this section.

McKay and Manchester 62,62 developed a method for ob-
taining aliphatic bisnitroamines based on the nitration of
the cyclic products of the interaction of diamines with

nitroguanidine. The nitro-derivatives obtained are read-
ily hydrolysed to the corresponding nitroamines:
H
_NHy- HCI /N/ NO,
11,6 + HNCNHNO, —=[H,C} | t—NH
\?JH,-HCl ,H,H \:/
o,
_hydrolysis
HN—-[CHZ]n—r}lH <o [HZC{H =0 .
0, No, NNO,

1,2 -Bisnitroaminopropane, 1,3-bisnitroaminobutane,
and 1,3 -bisnitroamino-2 -nitroxypropane %,% were obtained
in a similar manner.

Primary nitroamines were obtained in many other in-
stances. Thus in the cleavage of 2~amino-1-nitro-2-
imidazoline a nitroamine salt is formed, the structure of
which was proved by subsequent chemical transformations.

1-Alkyl-1,3 -dinitroguanidines are split with alkali to
salts of primary nitroamines and the extremely interesting,
but little studied, cyanonitroamide 8:

NH
I

NCNH XN2OH | RNNa 4 NaNCN

| | | '
NO, NO, NO,

where R = CH; and n-C H,.

The decomposition of 1,3 -dinitro-1-(2-nitroxyethyl)-
guanidine is extremely unusual. When this compound is
boiled with water ethylenedinitroamine is isolated in 57%
yield 118:

NO, NO,
HG—N HG—N H,C—NHNO,
O,;NOCH,CH,NC(NH)NHNO, —> l C=NH —> l c=0 —»
r‘«o, Hyt—N Ht —N H,C—NHNO, ,
NO, NO,

The supposition of the cyclisation of the initial 1,3-di-
nitro-1-(2 -nitroxyethyl)guanidine is confirmed by the simi-
lar conversions of other N -(2-substituted ethyl)-N’-nitro-
guanidines '8,

In the interaction of 1-nitro-2-(nitroamino)imidazoline
with ammonia or amines B-nitroaminoalkylnitroguanidines
are formed %-66,72,73;

H,C—NNO,
T CNHNO, + H,NR —» HNCH,CH,NHCNHNO, ,
HyC—] rllo2 lr

where R = H, CH,, Ar.

Kirkwood and Wright!® succeeded in showing that 1-
nitro-2 -(nitroamino)guanidine exists as two isomers. The
position of the equilibrium is shifted to one side or the
other depending upon the solvent:

C—NNO,
HyG—NO: nhNo,
©,NHNCH,CH,NHCNHNO, === C
i .
NH H,C—NH 2
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Later McKay %7 gave additional information in support
of the existence of linear products.

The difference in the opinions of these authors is evi-
dently due to the ease of cyclisation and cleavage of the
products of the addition of the amines to 1-nitro-2-nitr-
iminoimidazolid-2-one. This circumstance makes diffi-
cult the hypothetical choice of any one structure. However,
for certain compounds such a type of linear structure has
been shown sufficiently clearly. For example, the prod-
uct of the addition of ammonia to 4-methyl-1-nitro-2-
nitriminoimidazolid-2-one is alinear primary nitroamine %:

CH3HC-—-NH O,NHNCH,(I:HNHSINHNO;; .
Nec—NNO., NH i
C=NNO, X, éH, Il\IH

H,C—NNO,

When treated with alkali, 1-nitro-2-nitriminoimidazolid-
2-ones are usually cleaved to primary nitroamines 70,120,
When 1-nitro-2 -nitriminoimidazolid-2 -one is hydrolysed
with aqueous alkali, 3-nitro-1-(2-nitroaminoethyl)urea is
obtained in good yield. The aqueous hydrolysis of this
compound leads to bis-(2-nitroaminoethyl)urea as a result
of the reaction of the primary decomposition products !2!:

o, o8 0,NHNCH,CH,NHCONHNO,
: 5
H,C—N, I
"C=NNO,
HyC—Nfi 0,NHNCH,CH,NH,

%
\ . . NHCH,CH,NHNO,
0,NHNCH,CH,;NHCNHNO, “\NHCH,CH,NHNO, .
Two products are also formed in the hydrolysis of 4-
methyl -1 -nitro-2 -nitriminoimidazolid-2 -one in water —N -
2-(nitroamino)ethyl-1-methylnitrourea and 4 -methyl-1-

nitro-2-imidazoline, and on long boiling with water these
are converted into 2-amino-3-nitroaminopropane *;

H,C—NNO,
S¢=0
/N0, — CH,HC—NH —
H,C—N CH
|
CNHNO, H:O| O, 0,NHNCH,GHNH, .

CHHC—N o s NO,§

— 0= |
\NHCH (CH,) CH,NH

On dissolution in aqueous alkali, 1-nitro-2-propyl-
amino-2-imidazoline is hydrolysed to N -2 -nitroaminoethyl -
N’ -propylurea!2°, In an acid or alkali medium 1-nitro-2-
p -acetamidophenylamino-1-nitro-2-imidazoline is
hydrolysed to N -2 -nitroaminoethyl - N’ -pacetamidophenyl -
urea ™,

McKay and coworkers ™ described an interesting molec-
ular rearrangement leading to the production of a primary
nitroamine.

4. Direct Nitration of Amines

The relative complexity and multistage nature of the
methods of synthesis of primary nitroamines are respon-
sible for the search for new, simpler methods for their
production. The most tempting was the direct nitration
of primary amines.

From this point of view the method developed by Em-
mons and Freeman for the nitration of amines with acetone
cyanohydrin nitrate 1-cyano-1-methylethyl nitrate is in-
teresting?2. Propyl, butyl, isobutyl, pentyl, and iso-
pentyl nitroamines were obtained in 50-55% yield by this
method. The reaction takes place under rather critical



644

conditions and is accompanied by the formation of amino-
nitriles:

ONO, ———— RNHNO,

RNH, + GHsCCHy —
|
CN

NHR
]
———> NC—C (CHj),,

The method is suitable for the nitration of amines having
bulky substituents -at the a-carbon atom 22,

Another way of obtaining nitroamines was described
recently in the patent literature. It is based on the re-
action of nitryl fluoride with ammonia or amines in an
inert solvent or in the vapour phase!?3. Information is
available about the nitrating ability of nitrile chloride in
relation to amines 24,

Primary nitroamines can also be obtained in the nitra-
tion of amines by acetyl nitrate in the presence of butyl-
lithium 25, The method is applicable only to compounds
containing functional groups indifferent to butyl-lithium.
Furthermore the complexity of the experimental conditions
(low temperature, atmosphere of dry nitrogen) does not
give this method a decisive advantage over the existing
ones.

Although the methods of preparation and properties of
nitroamides, which are similar in structure to the primary
nitroamines, or those of aromatic and heterocyclic nitro-
amines are not discussed in the present review, we will
note that some of these compounds can be obtained by the
direct nitration of the corresponding amides and amines
with nitric acid or nitrating mixture. Thus nitrourethanes
are usually made by the nitration of urethane?7,

C,H,0CONH, -+ HNOy ~ G,H;OCONHNO, ,

Benzosulphonitroamide and p -toluene sulphonitroamide
are obtained in a similar fashion!?¢, Aminopyridines are
readily nitrated by nitrating mixture to the corresponding
nitroaminopyridines 2?, The nitration of melamine with a
mixture of acetic anhydride and nitric acid gives NN’ -di-
nitroammeline !28;

NH, NHNO,
| |
p
N7/ TSN N7 NN
” HN()J+A(:,O—_) l
HeN—C._ ,C—NH HO-G  C—NHNO,.
N=Cy /O N oy

Triacetylmelamine gave nitroammelide. Under the action
of nitrous acid, nitroaminoguanidine is converted into 5-
nitroaminotetrazole 129,130: ¢

NO: NN
|/
0,NHNCNHNO, -~ HNO; — HN—C “
i “NH—N .

NH

5. Other Methods of Preparation

The formation of nitroamines in the hydrolysis of linear
products of the nitrolysis of tertiary amines has been de-
scribed. Methylenebisnitroamine was first isolated as the
barium salt from the pyrolysis products of hexamethylene-
tetramine *7.

2,4,6-Trinitro-24,6-triazaheptane-1,7-diol bistrifluoro-
acetate can be split by benzylamine to the corresponding
amine salt of methylenebisnitroamine!s, The hydrolysis
of the linear products of the nitrolysis of Mannich bases
also leads to the production of primary nitroamines 32,
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The nitrolysis of hexamethylenetetramine is accompa -
nied by the formation of a primary nitroamine as a side-
product!33, The latter is decomposed completely by hot
water but under milder conditions it is hydrolysed to
methylenebisnitroamine:

——— 2CH,0 4-3N,0 + H,0
CeHyaNe B9, 0,N—N (CH,NHNO,), --
——— H,G (NHNO,); + CH,0 - N,O .

In reacting with nitric acid under mild conditions hexa-
methylenetetramine dinitrate forms 1,3 -dinitro-1,3,5-tri-
azapentane 34,

Freeman!% obtained a series of nitroamines by the re-
duction of nitroimines with potassium tetrahydroborate or
lithium tetrahydroaluminate. This work completed the
discussion of the structure of nitroimines to which some
investigators had ascribed the structure of pernitroso-
ketones.

Examples are known of the production of primary nitro-
amines from the corresponding isodiazotates!3¢, However,
owing to the difficulty of obtaining the starting compounds
this method is not widely used.

Finally, there is a single paper !37 on the production of
a nitroamine in low yield by a reaction similar to the
Wurtz reaction:

is0-CyHy;NHCI - AgNO, NeoH_, im-c,HuN/\'NO’
Ag

The preparation of primary nitroamines containing other
functional groups in the alkyl residue is by the same meth-
ods as were given earlier. Naturally, the action of the
functional group of the reagents employed for the prepara-
tion of the nitroamines must be considered. In particular,
aminoalcohols are converted into the nitrates of the nitro-
aminoalcohols 19,138,  However, under certain conditions
the nitrate group can be removed or its formation avoided
completely 138139, ;

Nitroaminoacetamide is obtained when nitrohydantoin is
boiled in water for a long time ®2. Nitroaminopropionamide
can be obtained from nitrohydrouracil 2%

NO,

Oy N
N + Hy0 — HNCH,CH,CONH, +CO:; «

¢
HNr IL N

Free nitroaminocarboxylic acids are formed in the
hydrolysis of amides with alkali. &-Nitroaminovaleric and
€ -nitroaminocapronic acids are obtained in the alkaline
hydrolysis of the corresponding N -nitrolactams4°, Pro-
pargylnitroamine is obtained by the usual scheme by the
nitration of N -propargylurethane !4,

III. PHYSICAL PROPERTIES AND STRUCTURE

1. General Characteristics

Primary aliphatic nitroamines are liquids or readily
melting crystalline compounds. The first member of the
homologous series of monoalkylnitroamines-—methylnitro-
amine—melts at 38°C, !¢ ethylnitroamine at 6°C, ! and the
higher homologues are also low-melting or liquid sub-
stances. The bisnitroamines are solids whose melting
points depend on the number and multiplicity of the methy-
lene groups in the molecule.

Primary nitroamines are weak acids. Thus the pKj of
methylnitroamine is 6.0; % its homologues are even
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weaker acids, When electronegative groups are introduced
into the alkyl chain of the nitroamine the acidic properties
increase. The dissociation constants of aw-bisnitro-
amines have been determined!4®, A comparison of the pK
values obtained with those for aw-dicarboxylic acids shows
that with increase in the number of methylene groups the
difference between the first and second dissociation con-
stants decreases in the bisnitroamine series more slowly
than in the dicarboxylic acid series (Table 1).

Table 1. Dissociation constants of aw-dinitroamines
and aw-dicarboxylic acids (20°C).

@, w-Bisnitro~ 129 1 K. 2 apk Acid Pk, pK, apK
amines
Methylene 5.0 6.6 1.6 Malonic 2.83 5.69 2,86
Ethylene 5.35 6.66 1.3 Succinic 4.22 5,67 1.45
Trimethylene 5,59 6,85 1.26 Glutaric 4.39 5.50 1.11
Tetramethylene 5.87 6.98 1.1 Adipic 4.43 5.49 95

Baly and Desch studied the optical properties of the
nitroamines ¥, They showed that the unsubstituted alkyl-
nitroamines have normal molecular refraction.

The use of primary nitroamines as explosives stimulated
the study for some of them of the thermochemical, stability
and explosive characteristics. The information on these
characteristics has been surveyed in Orlova's monograph 145,
Primary nitroamines are relatively stable thermally, the
liquid compounds can be distilled under vacuum, and the
thermal stability of the crystalline nitroamines is different.
Methylenebisnitroamine is of low thermal stability, where-
as ethylenebisnitroamine is distinguished by high stability,
has good explosive characteristics, and diminished sensi-
tivity to shock!48, A differential thermal analysis of
nitroamines was recently made!4?, Medard determined
the heats of formation of ethylenebisnitroamine (25.65 kcal
mole ™) and nitroaminoethyl nitrate (45.8 kcal mole ™). 148

The physiological activity of the primary nitroamines
has hardly been studied. There is information on the
comparative physiological action on the human organism of
nitromethane and methylnitroamine#®, When the latter is
introduced into the human organism it does not produce any
changes in the composition and pressure of the blood, that
is, unlike nitrates and nitroalkanes it is harmless for man.
It was also noted that ethylenebisnitroamine has no harmful
action on the human organism !2,

2. Structure and Spectra

The aliphatic nitroamines were first ascribed the struc-
ture ofthe true N-nitro-compounds (I). Later, Hantzsch 37
by starting from a formal analogy between the nitroalkanes
and primary nitroamines, suggested that the latter exist in
two tautomeric forms:

40
RI\;IH = RN=N
NO: "“NOH .
0 (1

By this scheme he explained the acidic properties of
nitroamines and the formation of O-isomers in the alkyla-
tion of the salts of nitroamines. Hantzsch attempted to
confirm this concept of tautomerism in a series of nitro-

645

amines by physicochemical methods. The evidence in
support of tautomerism was that he observed an arrest
(the time needed for the displacement of the equilibrium
I=1I) in the precipitation of the ammonium salt of the ni-
troamine on passing ammonia through a solution of the
nitroamine in benzene. Furthermore, he observed a high
temperature coefficient of electrical conductivity for salts
of the nitroamine in aqueous solution. However, Euler
showed ¢ that these results cannot serve as proof of the
tautomerism of the primary nitroamines.

Thorough physicochemical investigations made recently
allowed the nature of the primary nitroamines to be more
deeply understood. X-Ray structural analysis of ethy-
lenebisnitroamine showed that the nitro-group in this com-
pound exhibits normal properties, that is, the valence
angles are similar to the angles of the nitro-group of p-
dinitrobenzene, and the interatomic distances N-O (1.23 A)
in the nitroamine group are equal and comparable with the
values for nitromethane”. Hence the conclusion that the
structure of true N -nitro-compounds is more probable in
the un-ionised form for the primary nitroamines. In addi-
tion there is a considerable shortening of the C-N and
N-N bonds in comparison with the sum of the covalent
radii (1.41 and 1.33 A in comparison with 1.47 and 1.40 A),
and it is concluded that there is an electronic displacement
from the nitrogen connected to the nitroamine group lead-
ing to the formation of a positive charge, which decreases
the radius of the simple (N-C) bond of the nitrogen. The
short N-N bond has 15% of the character of a double bond.

The X-ray structural method does not allow the location
of the hydrogen atom in primary nitroamines to be deter-
mined. More reliable information on this aspect is ob-
tained as a result of the spectroscopic analysis of nitro-
amines.

A study of the infrared spectra of a series of nitro-
amines showed that asymmetric vibrations in the range
1630-1550 cm ™ range and symmetric vibrations in the
1354-1262 cm™ range are characteristic of the nitro-
groups in these compounds. When there are electronega-
tive substituents in the nitroamines the asymmetric vibra-
tions are shifted to the side of higher frequencies 78 150,15,
The band in the 1000~-948 cm ™' range is assigned to the
vibrations of the N-N bond.

The complexity of the infrared spectra of the primary
nitroamines inthe 3600-3000 cm~! range required addi-
tional confirmation that the bands in this region belong to
the vibrations of the NH group. This information was ob-
tained in a thorough study of the infrared spectra of crys-
talline ethylenebisnitroamine and tetramethylenebisnitro-
amine and their N -deuteriated analogues*52, A comparison
of the spectra of these nitroamine and their N -deuteriated
derivatives allowed the 3240 and 3253 cm ™! bands observed
in the spectra of ethylenebisnitroamine and tetramethylene-
bisnitroamine to be assigned to the stretching vibrations of
the NH bond which participates in the formation of a hydro-
gen bond with the nitro-group of a neighbouring molecule
in the crystal. In the spectra of the N -deuteriated nitro-
amines these bands are shifted into the 2400 cm ! region.
Bands characteristic for the asymmetric and symmetric
stretching vibrations of the CH, group appear, which were
masked earlier by the intense vibrations of the NH groups.
In the spectra of the deuteriated analogues of the nitro-
amines studied there is also a displacement of the bands
assigned to the asymmetric vibrations of the nitro-group,
etc.

Hence the infrared spectra also confirm the true nitro-
amine structure of the primary nitroamines, at least in the
un-ionised state.
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The ultraviolet spectra of the primary nitroamines have
been studied 78153255, A maximum at 232 nm (235 nm in
alkaline medium) is characteristic for methylenebisnitro-
amine in this range. In an alkaline medium there is a
bathochromic shift of the maximum 78,

The Raman spectra of the primary nitroamines were
studied by Kohlrausch and Wittek 158,

In discussing the structure of the primary nitroamines
reference must again be made to the work on the determin-
ation of the dissociation constants of the aw-bisnitroamines
(Table 1). Since ApK decrease more slowly in the bis-
nitroamine series than in the dicarboxylic acid series, it
was concluded that the effective distance between the
charges of the double anions increases more slowly in the
bisnitroamine series!?®, In this paper the ionised bis-
nitroamines are regarded as mesomeric anions. It is
thought that the contribution of structure (III) is more char-
acteristic for methylenebisnitroamine than for tetramethy-
lenebisnitroamine.

O\ 4, N N7 +/O
- 6>N—!\— o) RN

+/6

b N
SN=N— [CH,] —N= 5

Qo Of

(v)

It was recently suggested that the lower thermal stabil -
ity of the primary nitroamines and their salts in compari-
son with secondary nitroamines is due to the conversion of
the primary compounds into the aci-form on heating. Com-
pounds inanaci-form are less stable and easily decompose 47,
However, experimental proof in support of this view has
not been forthcoming.

Several studies deal with the explanation of the structure
of salts of nitroamines by physicochemical methods. On
the basis of an X-ray diffraction analysis of the disodium
salt of ethylenebisnitroamine Alentoff and Wright maintain
that the anionic centre in this compound is the oxygen atom
and not the amine nitrogen®. However, the authors think
it undesirable to attribute the structure found in a particu-
lar example to all the salts of the nitroamines with alkali
metals, considering that the compound they investigated
could be exceptional owing to the unique symmetry of the
anion. Subsequent investigations showed that the salts of
the nitroamines have a more complex structure.

In an X-ray diffraction study of the hydrate of the nickel
salt of tetramethylenebisnitroamine it was found that in the
crystalline state this compound exists in the form of poly-
meric chains. Each molecule of the ligand joins two nick-
el atoms with coordination of both nitroamine groups. The
nitroamine group acts as a chelate ligand. The oxygen
atom (Ni-O 2.16 A) and the amine-nitrogen atom (Ni-N
2.23 A) are coordinated so that a four-membered ring is
formed with the nickel atom and the other nitrogen atom 157,
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It is interesting that the study of the Raman spectra of
the potassium salts of methyl- and ethylnitroamines showed
that they have the structure of true N -nitrocompounds 58,
As already noted, on going from a free nitroamine to its
salt there is a displacement of the maximum in the ultra-
violet spectrum . A difference was also noted in the in-
frared spectra of the primary nitroamines and their salts.
This all suggests that the nitroamine anion should be re-
garded as a mesomeric anion with reaction centres at oxy-
gen and nitrogen

IV. CHEMICAL PROPERTIES

The primary nitroamines exhibit high reactivity, which
is in many respects similar to that for mono- and poly-
nitroalkanes. Their activity is due to the presence of the
labile hydrogen atom of the primary nitroamino-group and
also to the nitroamino-group itself. Owing to the labile
hydrogen the nitroamines form salts which undergo con-
densation with formalin}, the Mannich reaction, add to ac-
tivated double bonds, are alkylated, etc.

1. Reaction with Bases

Primary aliphatic nitroamines are weak acids and are
capable of forming salts with bases. To obtain salts of
nitroamines, bases, or metal oxides, carbonates, or alk-
oxides are used!. Potassium, barium, cobalt, zinc,
copper, nickel, silver, mercury, lead, ammonium, and
many other salts of primary nitroamines are known. In the
preparation of salts of nitroamines in water, hydrates are
often formed with various water contents in the molecule.
Some metal salts of nitroamines are decomposed by boiling
water. However, they are usually thermally more stable
than the initial nitroamines but more sensitive to shock. In
this respect the silver and mercury salts of the nitro-
amines are especially dangerous. Nitroamine salts are
often used for the purification and analysis of nitroamines
and also in certain chemical changes.

It is generally accepted that the primary nitroamines
are stable in an alkaline medium. The anions of the ali-
phatic nitroamines do not react with a hot 20% solution of
potassium hydroxide and only very concentrated alkali
under severe conditions can bring about the decomposition
of the primary nitroamines?%3°, However, Hantzsch long
ago observed 3 the decomposition of nitroaminoacetic acid
and its derivatives by alkali under relatively mild conditions.
These experiments were subsequently reproduced and
analysed®!. It was observed that some primary nitro-
amines, particularly those with electronegative substitu-
ents in the alkyl residue, are capable of decomposition by
the scheme

RR’CHNHNO; — RR'C=0 + N, + H;0

under the action of dilute alkali on heating.

Decomposition by this reaction is assisted by an in-
crease in the hydroxide ion concentration, an increase in
the concentration of sodium or potassium ions, and an in-
crease in the electrical conductivity of the grouping in the
alkyl residue. Furthermore, the presence of hydrogen at
the a-carbon atom is important. Compounds without
hydrogen in the a-position are stable to alkalis.

I Attempts to carry out condensation with other alde-
hydes were unsuccessful 24,
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2. Reactions with Acids

Long ago Franchimont and coworkers 25,3%,158 ghgerved
that primary nitroamines are decomposed by agueous sul -
phuric acid with the formation of dinitrogen oxide and an
alcohol:

RNHNO, = ROH + N50.

Subsequent study of this reaction showed that it is more
complex. During acid hydrolysis tetramethylenebisnitro-
amine forms butadiene and tetramethylene oxide in addition
to dinitrogen oxide and butanediol. In the decomposition
products of hexylnitroamine there are dinitrogen oxide,
hexene, primary and secondary hexyl alcohols, and di-
hexyl ether3?. Acetaldehyde was observed in the decom-
position products of ethylenebisnitroamine 3.

Onthebasis of the results obtained in the acid decom-
position of primary nitroamines and bisnitroamines it was
suggested that the reaction proceeds through the interme-
diate formation of nitroamide and a carbonium ion+°:

RNHNO, + H* > R* + NH,NO,.

Nitroamide is the source of the dinitrogen oxide and
water and the extremely active carbonium ion is stabilised
with the formation of an alcohol (reaction with water),
alkene (loss of a proton), or other decomposition products
as a result of the reaction with nucleophilic reagents pres-
ent in the reaction sphere.

The reaction of nitroamines with acids is regarded as
an electrophilic substitution of the Sg2 type at the amine-
nitrogen. The rate of reaction is directly proportional to
the concentration of protons and of the primary nitroamine.
The accumulation of electron-donating substituents at the
nitrogen facilitates the decomposition of the nitroamines.

Further study of the acid decomposition of primary
nitroamines was by the example of alkyl derivatives with a
branched chain®. Such compounds decompose more
rapidly than alkylnitroamines of linear structure and fur-
thermore a definite difference in their behaviour in rela-
tion to sulphuric and hydrochloric acids is observed at the
same pH. The decomposition of isopropyl nitroamine is
catalysed by hydrogen sulphite ions.

In one study®° the hypothesis about the formation of
nitroamide at the first stage of acid hydrolysis has been
doubted. Hence although there is a definite relation be-
tween the rate of decomposition of the primary nitroamines
and the concentration of hydrogen ions the reaction is ex-
tremely complex and has still not been properly studied.
The reaction of primary nitroamines with hydrochloriec
acid takes place rather smoothly with the formation of
alkyl chlorides %°:

RNHNO, + HCl > RCL + NpO + Hy0.

This is widely used for confirming the structure of the
primary nitroamines %,7,121,159,  The reaction of primary
nitroamines with acetyl chloride and thionyl chloride pro-
ceeds similarly 4,58,

Primary nitroamines are extremely sensitive to nitric
acid. Methyl nitroamine is decomposed by concentrated
nitric acid even at 0°C with the formation of methyl nitrate
and dinitrogen oxide!. Nitrous acid also readily decom-
poses methylnitroamines in aqueous solution to methanol,
dimethylnitroamine and its O-isomer?23. It was suggested
that the decomposition proceeds through the intermediate
formation of diazomethane 23:

CH,NHNO, + HNO, — CHsN=NOH - HNOj ,
CHsN=NOH -» CH,N; + H,0 ,

7
CH3NHNO; + CHN; — (CH,) ;NNO, + CH3N=N—OCH;,,
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3. Oxidation and Reduction

There has been almost no investigation of the reaction
of primary aliphatic nitroamines with oxidants. There is
only the statement that primary nitroamines are rather
stable to oxidants®.

The reduction of nitroamines has been studied in great-
er detail. When reduced with zinc in acetic acid methyl-
nitroamine is converted into methanol, and when reduced
with sodium amalgam methylamine is formed!%; methyl-
hydrazine is liberated by the action of zinc in nitric acid.
An alkaline solution of aluminium converts methylnitro-
amine into methylisodiazotate®l, In the reduction of
ethylenebisnitroamine by zinc in hydrochloric acid a little
ethylhydrazine is liberated%°. It is suggested that the
reduction of nitroamines proceeds through the intermediate
formation of nitroso-derivatives which are readily isomer-
ised into diazo-compounds. The latter can be isolated
from alkaline solutions as diazotates.

4. Reaction with Formaldehyde

One of the characteristic reactions of primary nitro-
amines is their reaction with formaldehyde. Franchimont?24
first observed this reaction in the presence of bases. It
was shown later that bisnitroamines readily form the cor-
respc;?ding nitroaminocarbinols on reaction with formalde-
hyde 7:

_NHNO, o N(NOICH,0H
KHZCI\,, + CH0 ——-[HCl

n
NHNO, \N(NO,)CH.0H «

Only the monomethyl derivative could be isolated for
ethylenebisnitroamine %,8!:

I|\'03 I‘I'On
OgNHN—‘[CHZIZ—NHNOz + CH,0 Ho_, HOCHgN—-[CHIIn —NH.

The mechanism of formation and the chemical nature of
the hydroxymethyl derivatives was thoroughly studied with
the aid of potentiometric titration and the analytical deter-
mination of formaldehyde52. It was shown that the hydroxy-
methylnitroamines dissociate readily in water with the loss
of formaldehyde

RNCH,0H %RN|H+CH,O .
|
NO, NO.

The position of the equilibrium is displaced to the right.
Aqueous solutions of the dicarbinol derivatives of ethylene-
bisnitroamines and trimethylenebisnitroamine can be ac-
curately titrated with potassium hydroxide as free nitro-
amines; the combined formaldehyde is also readily
determined by well known procedures 32,

The hydroxymethylenebisnitroamines are more stable in
acid solutions, since the electron-withdrawing properties
of the nitroamino-group hinder the dissociation of the hy-
droxyl. Here the loss of a proton seems more hypotheti-
cal 52;

RNCH,;0H & RNCH,0~ 4 H*.
NO, NO,

The interaction of nitroamines with paraformaldehyde
in organic solvents also leads to the formation of nitro-
aminocarbinols. In sulphuric acid medium at low temper-
ature methylenebisnitroamines are formed 62;

RINH + [cn,0] Hi0., Rl;«:ﬁ.r;m .
NO, NO, NOg
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Ethylenebisnitroamine and its hydroxy-derivative form
1,3 -dinitro-1,3 -diazacyclopentane under these conditions *®;

0,NHNCH;CH,NHNO, H,C—CH,
<0° H,S04 (CH,0), -

OzN"‘N —Noz .
N
CH,

The higher homologues of ethylenebisnitroamine —tri-
methylenebisnitroamine and tetramethylenebisnitroamine —
form 1,3-dinitro-1,3-diazacyclohexane and 1,3 -dinitro-1,3-
diazacycloheptane respectively in this reaction?®°:

O,NHNCH,CH,N (NO,) GH,OH

; cH,)
NHNO, [CH, 1,
IH2C1\., + (o), o,N—N< >«-—No,

NHNO, ofs,

where n = 3 or 4.

In research practice instead of the carbinol hydroxy-
methylnitroamines their derivatives are often used —ace-
tates, nitrates, and chloromethylnitroamines!®, The
acetates of the nitroaminomethylols are obtained by the
direct reaction of nitroamine, formalin, acetic anhydride,
and acetyl chloride %3:

RNH + CH,0 + (CH;C0);0 + CHsCOG! — RNCH,0COCH; ,
I‘}O, I‘goa

The nitrates of the hydroxymethylnitroamines, which
exhibit an alkylating action, are usually of low stability and
dangerous to use'®t, Important derivatives of the hydroxy-
methylnitroamines are the recently discovered N-(chloro-
methyl)-N -nitroamines, the chlorine atom of which has a
reactivity reminiscent of the chlorine in chloromethyl ethers
and is capable of replacement by various functional groups ¢4,

5. Aminomethylation of Primary Nitroamines

The possibility of using the primary nitroamines in a
Mannich reaction was first demonstrated by the example of
the reaction of methylnitroamine with N -hydroxymethyl -
piperidine2¢. Ammonia was investigated, as well as pi-
peridine, as the amino-component, and methyl-, ethyl- and
ethylenebis -nitroamines were also studied as the N-H acid
component 5.

In the last 20 years there has been a thorough study of
the Mannich reaction in a series of nitroamines. In 1949
Chapman and coworkers showed that for primary amines
both of the hydrogen atoms of the latter take part in the
condensation !6:

NO,
T
2RNH +2CH,0 + R'NH; — R'N CHAR
N NO, .

aw-Bisnitroamines with not more than three methylene
groups in a chain form cyclic condensation products '¢:

/CHQN (NO.) N
RNH; +2CH;0 + HN— [CHzln-—NH — R—N [CH,

N v 2ha
o, do, CH,N (NOy)

wheren = 1-3.
Bicyclic compounds are isolated in the example of di-

amines 1%

NO, NO,

21-[»‘:— [CH,]A—I!IH +H4CH,0 + HoN— [ﬁ;{;g,,;-)b;m -
CH,N (NO,) CH, CH, (04l
hnd [ch]{ oo >N" [CHdm '—N/ >[CH3]n
™ CH,N (NO,) CH, CH,(0,N)N

wheren =1-3, m = 2.
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The formation of a bicyclic product was alsoobserved in
the condensation of ethylenebisnitroamine with ammonia
and formalin (z = 2, m = 1)1%¢ but for trimethylenebis-
nitroamine a monocyclic product is formed as well as the
bicyclic product (z = 3, m = 1)80;

I‘|102 I\lloi CH;N (NO,) CH,
HN— [CH,];—NH -+ NHs -+ CH,0 - HyC >NH .
\CH.N (NO,) CH,

An interesting example of cyclisation was observed in
the condensation of bisnitroaminodiols with polynitroalkyl -
amines 1677170;

CH;l,
N(NO;)CH,0H N—NO,
= HaN[CH ] nCINO,),R —>

O,N—N
[Hzck |
N(NOy)CH,0H H.C

CH,
N—[CH}mC(NO,),R ,

wheren =1 or 2, m = 2-6, R = NO, or CH,.

Quite recently!”™~'7 a new series of studies appeared on
the condensation of dinitroamines —O,NHN|[CH,],NHNO,,
n = 1-4—with formaldehyde and diamines —H,N[CH, |,NH,,
n =2, 3, 4, 6—and also methyl-, ethyl-, butyl-, 2-hy-
droxyethyl -, hydroxypropyl-, trinitropropyl-, and benzyl-
amines, aniline, phenylenediamine, 3,3 -dinitropentamethyl-
ene-1,5-diamine, 3,6-dinitro-3,6-diazaoctamethylene-1,8-
diamine, bis-2-aminoethyl ether. From a large amount
of experimental material it was shown that the basicity of
the amines and diamines in the aminomethylation of
ethylenebisnitroamine has no effect on the nature of the re-
action products. The more basic the amino-component intro-
duced into the reaction the higher the pH of the medium at
which formation of the cyclic products takes place. Special
attention was paid to the behaviour of methylenebisnitro-
amine in the Mannich reaction. On reaction with ethylene-
diamine and formaldehyde at pH 4.6-5.6 it forms 3,7-di-
nitro-1,5-endo -ethylene-1,3,5,7-tetra-azacyclo-octane:

_/CH;—N—CH,
_/NHNO, H.C—NH, Y N
HC +CHO+ | - ON—N{  [CHiJ: HN—NO:.
“\NHNO, H,C—NH, N /
CH,—N—CH,

N -Nitroamide is the only nitro-derivative which con-
tains two hydrogen atoms at the nitrogen carrying a nitro-
group, therefore the aminomethylation of this compound
can proceed in two directions:

/CH—N (R) —CH,
——  O.N—-N SN--NO;
\CH,—N (R) —CH,
H;N—NO, +CH,0+ RNH, —
SN —CHz\
—— HC N—NO, +
\N (R) —CH;
Methylenebisnitroamine is often used as a source of
nitroamide, and depending on the conditions of carrying out
the Mannich reaction it can function as a bisnitroamine or
as a nitroamide!®®*. The reaction of methylenebisnitro-
amine with morpholine and formaldehyde in water or ethyl
acetate is:
CH,CH, CH,CH 1% chen
/ AN s N
+2CH,0 + OVCH,CH ONH — 0\CHECI_’)NCH,NCH,N<Cmc1_l2 >o.

2

/NHNO,
\NHNO,

The formation of derivatives of nitroamide was also ob-
served in an anhydrous medium in the reaction with

methyl-, benzyl-, and cyclohexylamines.
_/NHNO,

H,C -+ CH;0 + CH,NH, - O,N—N
“\NHNO,

/CH:N (CHy) CHa
N—NO, -
\CH,N (CH,) CHy”
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In aqueous medium products are obtained which contain
the structural of methylenebisnitroaminemoiety 5.

NHNO, N (NO) CHa\
H,C + CH,0 + RNH; — HyC NR ,
“\NHNO, "N (NO,) CHy”

where R = CH;, C;H;CH,.
Linear Mannich bases are formed in the condensation of
ethylenebisnitroamine with formaldehyde and morpholine 7:

/CHCH o o
0,NHNCH,CH,NHNO, + CH,0 + HN 0-0 NCH.NCHGH,NH .
\CH,CH,”

CHCH,

NcHCH,”

With two moles of formaldehyde and morpholine the re-
action proceeds at two nitroamine groups 7.

The mechanism of the aminomethylation of the primary
aliphatic nitroamines has been insufficiently studied. Lam-
berton and coworkers 5 proposed the following reaction
scheme:

RNCH,0H + HNR, — RNH 4 CH,0 + HNR;,
o, No,
ReNH + CH,0 — R,NCH,0H ,
RNH + R;NCH,0H — RNCH,NR; + H;0
ﬁo, NO,

Under the action of alkalis Mannich bases are readily
decomposed into nitroamine salts, amines, and formalde-
hyde; in an acid medium their stabilisation with the for-
mation of the cation RH(NO,)CH,N*HR, is possible 52.

It is interesting that the Mannich bases obtained from
nitroalkanes (especially the mononitroalkanes) differ sharp-
ly in their chemical behaviour from the products of the
aminomethylation of the primary nitroamines®2. The for-
mer, as is well known, are insoluble in water, readily
soluble in organic solvents; they cannot be titrated with
alkali. The latter are readily titrated with alkali and
soluble in water and other polar solvents. The reason for
such a marked difference must, we think, be sought in the
mutual influence of the nitroamine and amino-groupings at
a single carbon atom. Like N -(chloromethyl)nitroamines,
where the chlorine exhibits considerable lability on account
of the + M effect of the nitrogen atom and the I effect of the
chlorine atom, the +M effect of the amine-nitrogen of the
nitroamino-group is evidently due to the stabilisation of the
carbonium ion:

NO, N NO, -
RNGCH,I;.EJ.Q,H [RI!ICH;] [NR,J .

Confirmation of this can be the splitting of the Mannich

bases by acetyl chloride 1%4:

NO; lfo,
RNGH,NR, + CICCH, — RNCH,CI + RyNCCH,
I 1

The polarisation of Mannich bases in neutral media is
due to their preferential solubility in polar solvents and
their ready cleavage by alkalis into their components.

6. Addition at an Activated Double Bonds

Despite the fact that the addition of primary nitroamines
to compounds which contain activated double bonds, found
in the initial stages of the study, interesting results in this
field were also obtained recently. This reaction was first
found by Kissinger and Schwartz!!2, The alkenes studied
were methyl acrylate, acrylonitrile, acrylamide, methyl
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vinyl ketone, and diethyl maleate; the nitroamines chosen
were methyl-, ethyl-, and butyl-nitroamines and also
ethylenebisnitroamines and N -methylethylenebisnitro-
amines. The reaction takes place only in the presence of
an alkaline catalyst:

NO, l\l'O,
RIEIH + CH,=CHR’ — RNCH,CHzR’.

The addition of ethylnitroamine to 2,2 -dinitropropane-
diol acrylate!™ takes place similarly.

Nitroamines are capable of adding to a double bond of
nitroalkenes and unsaturated ketones 75176, The reaction
with nitrQalkenes can also take place at the moment of
their liberation from nitroalkyl acetates !77:

NOONa [ NO, ]
i
R'CCH,0COCH,; 2%=, GH,COONa + |R'G=CH,} ,
RNHNO, + [R’(NO;)C=CH,] — RN (NO,) CH;HC (NOs) R’ «

An interesting example is the bromodinitroethylation of
the alkali salts of nitroamines. In the first stage the re-
action proceeds by the cleavage of bromodinitroethyl ace-
tate into gem -dinitroethylene and sodium acetate. Subse-
quently the excess of the nitroamine salt adds to the
dinitroethylene to form the corresponding salt of dinitro-
ethylenetriamine. Under the action of a bromonium ion
the latter is converted into the corresponding bromo-deriv-
ativel7,

rxlro, NO, rT'o, NO,
|
BrC (NO,);CH,0COCH; + NaNCH,CH,NNa — BiC (NO,],GH,NCH,CH,ACH,C (NO,);Br

The addition of aw-dinitroamines to the decomposition
products of acetates of nitrodiols leads to the formation of
polymeric products 179:

NO, I\I'o, NO, NO,
n NaIIICH,CH,NNa +n CH.?OCH,CHRCHCH;OCOCH, _DMsO |
|

NO;  NO; NO,NO, )
- | |
(—LIICHECH.NCH,CHRCHCH,‘ e

Polymers of high molecular weight are formed on car-
rying out the reaction in solvents indifferent to an activated
double bond. When water, alcohols, or nitro-compounds
are used as solvent the chain is broken owing to the addi-
tion of solvent molecules at the double bond.

7. Alkylation and Acylation

The alkylation of primary nitroamines is important for
finding the structure of nitroamines and their salts and
also for the synthesis of secondary nitroamines. In study-
ing these reactions even the first investigators found that
in alkylation often a mixture of isomers is formed, the
quantitative composition of which depends on the nature of
the alkylating agent, the metal cation, and the medium in
which the reaction is carried out.

Alkylation of diazoalkanes. The reaction of
primary nitroamines with diazoalkanes is of interest from
the standpoint of finding the structure of nitroamines by
chemical means.

In the treatment of nitroamide with diazomethane the
main reaction product is dimethylnitroamine8, The latter
is also obtained in quantitative yield in the alkylation of
methylnitroamine !8!:

CH.TJH + CHyN; — cu,xl«:«H, .
NO, NO,
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It is interesting to note that the more acid phenylnitro-
amines are alkylated mainly at the oxygen!8!:

C 6H|5NH + CH2N2 -’CSHSN*N:)CH

[o]
NO2

In the alkylation of primary nitroamines with diazoethane
ethyl derivatives are formed?®7.

In the examples described above the investigators usu-
ally either did not note the formation of isomeric products
of O -alkylation, or they were not investigated closely.
More detailed study of the reaction of diazomethane with
the isopropylnitroamine suggested the formation of a sec-
ondary nitroamine and the isomeric O-ester in the ratio
7 : 3. 48,53

The reaction with diazomethane is usually carried out in
non-polar solvents; we think that it can be described by

3 .

the scheme:
RNH +H.__ H
i >C~ﬁEN = [ >C—-&EN]NR
NO, H | |
' H NO.
l !
NO. 2
RN ' + RN=N—OCH,.
CH,

After the release of nitrogen from the intermediate
“diazonium” cation the nitroaminium ion can complete the
octet of the carbon atom either by the electron pair of the
amine nitrogen (when the nitroamine-nitrogen is not solva-
ted), or owing to the electron pair of the oxygen of the
nitro-group (when there is partial polarisation of the nitro-
ammonium anion), which also leads to the products of N -
and O-alkylation, or to their mixtures.

Alkylation by alkyl halides and dimethyl
sulphate. The alkylation of the salts of nitroamines
with alkyl halides has been studied in greater detail than
the alkylation of primary nitroamines with diazoalkanes.
The direction of the reaction here depends significantly on
the nature of the cation. The silver salts of nitroamines
usually form O -alkylacylnitroamines 3°:

RNAg + R'l - RN=N—OR’.
Yo, 0

Whereas sodium or potassium salts form N -alkylation
products preferentially24,2%,182, Thus the sodium salt of
isopropylnitroamine with methyl iodide gives 60% iso-
propylmethylnitroamine and 9% N -isopropyl ~O -methyl
acinitroamine; the silver salt of the same nitroamine
forms a mixture of the secondary nitroamine and its O-
isomer in the ratio 1:10. On the basis of the sodium salts
isopropyl -, butyl-, and octyl-nitroamines with the corres-
ponding alkyl iodides, di-isopropylnitroamines, dibutyl-
nitroamines, and dioctylnitroamines were obtained in yields
of 14, 12, and 32%; the yields of the O-isomers were re-
spectively 26, 24, and 30%. It was noted that the sodium
salt of cyclohexylnitroamine is not alkylated by cyclohexyl
iodide 8,

In the primary dinitroamine series the alkylation of the
monopotassium salt of ethylenebisnitroamine with methyl
iodide and dimethyl sulphate was studied. In both instan-
ces N -methyl -NN’ -dinitroethylenediamine is isolated. In
the alkylation of the dipotassium salt of ethylenebisnitro-
amine with dimethyl sulphate, NN’-dinitro-NN’-dimethyl -
ethylenediamine is formed®. The potassium salt of iso-
propylnitroamine gives equal proportions of the N - and
O-isomers with dimethyl sulphate 23,
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Hence the alkylation of salts of nitroamines with alkyl
iodides or dimethyl sulphate often cannot serve as a convenient
method for obtaining the secondary nitroamines, but itis com-
pletely suitable for the synthesis of O -alkylacinitroamines,
which are studied as models of the aci-form of the nitro-
amines %4,

An interesting and practically useful series of papers
deals with the alkylation of salts of nitroamines by chloro-
derivatives containing an active chlorine atom.  Picryl
chloride and the potassium salt of methyl nitroamine form
tetryl in good yield*. Ethyl-, propyl-, and butyl-picryl-
nitroamines can be obtained similarly2é, N -(Chloro-
methyl)nitroamines and N -(nitroxymethyl(-nitroamines react
with the sodium salts of nitroamines, the yields of the re-
sulting alkylation products varying from 15 to 81%18:

RNCH,CI -~ R‘t‘\'Na — RNCH,NR’ + NaCl .

! i | 14
NO, NO, NO; NO,

In this reaction d series of aw-dimethylpolymethylene-
nitroamines

RN (NO)[CH2N (NO2) InR;

is obtained; 2,4,7,9-tetranitro-2,4,7,9-tetra-azadecane,
and nitroaminoalkyl derivatives of nitrourethane!®., In
the condensation of the disodium salts of dinitroamines
with bis-N -(chloromethyl)nitroamines polymeric com-
pounds with nitroaza-groupings in a chain are formed 85:

CICH,NGH,NCH;NCH,C! - - NaNCH,NCH;NNa — CICH, [ACH,I‘\I——] CH,Cl1 + NaCl »

mlro, NO, NO, rio.z NO, 1\'402 NO; |,

Acylation of primary nitroamines. Until
recently it was thought that acid anhydrides do not attack
primary nitroamines?',2443, However, recently Wood-
cock ™ succeeded in obtaining ethylenebisnitroacetamide in
small yields by the action of acetic anhydride on ethylene-
bisnitroamine.

In studies at the end of the last century it was shown
that the acid chlorides of organic acids either do not react
with primary nitroamines or bring about complete decom -
position. Acetyl chloride reacts with the silver salts of
methylnitroamine and propylnitroamine with release of di-
nitrogen oxide?!. Benzoyl chloride acts similarly on
methyl - and isopropyl -nitroamines.

It was found recently that the potassium and silver salts
of the esters of N -nitroglycine and N -nitroalanine are
exceptions. They are smoothly acylated at the nitrogen by
acetyl chloride, benzoyl chloride, and 3,5-dinitrobenzoyl
chloride !, The formation of O-acylation products is al-
most not observed.

There have been reports of the reasons for such an un-
usual course of reaction in the failure of Kornblum's
rule 85,187 for the alkylation of mesomeric anions. Starting
from the fact that the alkali salts of nitroamines react with
acylating agents at different rates, and silver salts do not
react without catalytic additions of pyridine the investiga-
tors suggest that the salts have a chelate, not an ionic,
structure. Sodium and potassium salts exist in solution in
the form of associates in which the oxygen of the nitro-
group is coordinated with metal ions. The silver salts are
evidently chelates, therefore acylation is hindered both at
nitrogen and at oxygen. The catalytic action of pyridine
leads to the breakdown of the complex owing to the forma-
tion of a new donor -acceptor bond between the silver ion
and the nitrogen atom of the pyridine, as a result of which
the nitroamine group is capable of N- and O-acylation.
This point of view satisfactorily explains the effect of the
cation in the alkylation of various salts of nitroamines 115,
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8. Other Reactions

Primary nitroamines are condensed with ethylene oxide
to form the corresponding nitroaminoalcohols 88;
RNH -+ H,C—CH, — RNCH,CH,OH .
| No” |
NO, NOg
The reaction of methylnitroamine with phenyl isocyanate,
leading to the formation of N -phenyl-N’-nitro-N’-methyl-
urea has been described %5:

/NHC,H,

CHNH + 0=C=NG,H, - 0=C
? b "\N (NOj) CHj .

NO.

In the action of potassium isocyanate on methylnitro-
amine free isocyanic acid is released; the formation of
the corresponding urea does not take place 5.

Methylnitroamine reacts witharomatic diazo-compounds.
The reaction products in this instance are methylaryl-N-
nitrotriazenes 1%;

—H,0

CHsNH -+ ArN,OH — CHyN—N=Nar.
NO. Il‘loz

Reference must be made to the production and the study
of the properties of the little known N -halogeno-N -nitro-
amines. Franchimont and Klobbie !¢ did not isolate any
individual products from the reaction mixture in the brom-
ination of salts of alkyl nitroamines. Much later Smart
and Wright®¢, in studying the conversion of alkyldichloro-
amines to nitroamines expressed the opinion that in aqueous
solution there is the equilibrium involving N -chloro-N -
nitroamines:

RNCI + H,0 2 HOCI + RNH .
|
NO. NOs

It was recently observed that the chlorine in N -chloro-
N -nitroamines is smoothly converted into the hydroxy-
methyl group under the action of formaldehyde 1%9:

RNCI - CH:0 — 22, RNCH,0H .
r‘\vo2 lero,

Detailed study of the properties of N -chloro-N -nitro-
amines has not been studied in detail nor has the chlorina-
tion of primary nitroamines been investigated. @ However,
N -chloro-N -nitroamines should exhibit extremely interest-
ing chemical properties owing to the strong polarisation of
the chlorine atom under the influence of the nitroamino-
group, which should lead, in turn, to great lability of the
chlorine in reactions with nucleophilic compounds.

In this connection it is interesting to note that primary
aromatic nitroamines are readily chlorinated by hypo-
chlorous acid to the unstable N -chloro-N -nitroamines 191,192,
The production of N -chloro-Nnitrourethane by the action of
sodium hypochlorite on a solution of nitrourethane in sul-
phuric acid and its addition to ethylene and cyclohexene!®s:

NO
C’H50C0N<Cl : + HyC =CH; — C«,H,,OCO];ICH,CH,Cl .

NO,

Elemental fluorine reacts readily with salts of nitro-
amines in an aqueous medium with the formation of N -
fluoro-N -nitroamines. This reaction takes place, for
example, withthe isomeric butylnitroamines !*¢. Athermo-
chemical investigation of the compounds synthesised was
also made 95,198,

H,0

C,H,NNa + Fy
|
NO,

 C4H,NF -+ NaF ,
NO,
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N -Fluoro-N -nitroamines are low-boiling unstable
liquids. N-Bromo- and N -iodonitroamines are unknown.

The reaction of the potassium salt of methylnitroamine
with cyanogen bromide, taking place with the formation of
N -cyanomethylnitroamine has also been described. Without
isolating the latter in the pure state it was converted into
5-methyl -5 -nitroaminotetrazole by treatment with hydrogen
azide 197

N——N
CH;NK -+ BiCN — CH,NCN —2-, U, u “foa
I | ) C—NCH .
NO, NO, N

Methylnitroamine reacts vigorously with methylmagnes-
ium iodide! with liberation of gaseous products. The
products were not identified.

V. ANALYTICAL DETERMINATION

Four qualitative reactions for nitroamines are known:
(1) the Franchimont reaction?®; (2) Thiele and Lachman's
reaction®’; (3) Bamberger's reaction?®s; and (4) Lieber-
man's reaction!®®, All these reactions are discussed in
sufficient detail in Houben—-Weyl's monograph 2%,

Quantitative methods of analysis of nitroamines for di-
nitrogen oxygen liberated in the decomposition of nitro-
amines by hydrochloric acid and iron(Il) chloride and also
in a Lunge nitrometer 2%:

RNHNO, + 3FeCl, -+ 3HCI ~ RNHj -+ 3FeCls -+ HyO + NO.

If the physicochemical methods of identification of
primary nitroamines were developed rather intensively in
recent years (see Section III), the chemical methods were
perfected very poorly and there have been no significant
approaches in this field recently. Mention must only be
made of the method of identification of primary nitroamines
in the form of S-benzylthiuronium salts®®, The latter are
formed in good yields on mixing aqueous golutions of S-
benzylthiuronium hydrochloride with the sodium salts of
primary nitroamines. The S-benzylthiuronium salts of
the primary nitroamines crystallise well from 50% ethanol
and have precise melting points. Thus the S-benzylthi-
uronium salt of methylnitroamine melts at 117°C, that of
ethylenebisnitroamine at 125-129°C, and that of benzyl-
nitroamine at 127°C. %

V1. CERTAIN ASPECTS OF PRACTICAL USE

Judging by the published information, some of the
primary aliphatic nitroamines have definite practical value
as explosives. The most important of these is ethylene-
bisnitroamine, which was manufactured in the U. S. A. on
an industrial scale under the commercial name of “Hal-
eite” 1%, Ethylenebisnitroamine was used as a high ex-
plosive?; it can also be used as a component of missile
explosives® and as a main or reduced charge in percussion
cap-detonators instead of tetryls,

Methylnitroamine is a low-melting explosive, more
powerful than tetryl but weaker than hexogen!?. It is rec-
ommended for use in explosive compositions mixed with
T.E.N.S

Nitroaminoethanol nitrate and 1-nitroamino-2-nitroxv-
propane have been suggested as plasticisers for cellulose
nitrate.

In recent years there have been patents on the possibil -
ity of using primary nitroamines in rocket technology.
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Patents have been granted on the use of nitroamide and

several primary alkylnitroamines as monopropellents 123,141,

Ethylenebisnitroamine and its hydrazinium salts are rec-
ommended as components of mixed rocket propellents 7»2%,
The nitroaza -polymer_

CICH: CHz] CH,Cl
NO: Jn

obtained by condensation of a salt of a diritroamine with a
bis -N -(chloromethyl)-N -nitroamine has been recommended
as a binder in solid rocket propellents 185,

Nitroamines have interesting and important prospects
for use for other purposes. For example, a patent has
been granted for the use of aliphatic nitroamines as weed-
killers 2% and as effective plant growth stimulators 8320%,205,
Some of the nitroamines are recommended as additives for
diesel fuel to increase the octane number 18, for removing
the deposit in internal combustion engines!®, and also
special additions in dyeing, 1*
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