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The present invention relates to nitramines and
more particularly to a new series of aliphatic
nitramines having a plurality of mnitramine
groups.

The aliphatic nitramines comprises a group of
organic explosives of increasing importance at
the present time because of the outstanding ex-
plosive properties of several class members that
have recently come into prominence. Possibly the
four most important representatives of this class

are cyclonite (I), homocyclonite (II), Haleite
(IIT) and DINA (IV).
NO;s NOs
CH:—I!T—CHa CHz—I!I—CH:
l ‘L N Oz—x\ll' N—NO;
NOs+—N—-CH:;—N—N O3 éH:—N—(I}H:
NO:
I (Cyclonite) I (Homocyclonite)

NO3~NH—CH:;CH:~NH—NOQ3 NO,~N(CH:CH20NOs)3
III (Haleite) IV (DINA)

It will be noted that one of the compounds in
this group (. e., DINA) contains two nitroxyalkyl
groups in addition to a nitramine group. Pos-
sibly because of the presence of these nitroxyalkyl
groups, DINA differs from the other three ni-
tramines in that it is capable of plasticizing nitro-
cellulose. Since DINA is a solid compound of
very low volatility, it is therefore of interest as a
replacement for the objectionably volatile nitro-
glycerine heretofore used in propellant powders
of the double-base type. However, DINA exhibits
a tendency to crystallize in the colloided nitro-
cellulose matrix and for this and other reasons
it is not entirely without its objectionable char-
acteristics for such applications.

One of the objects of the present invention is
to provide a new series of nitramines that may be
regarded as derivatives of Haleite.

A more particular object is the provision of a
new series of niframines containing one or more
nitroxyalkyl groups in addition to an ethylenedi-
nitramine unit.

Another object is to provide a series of com-
pounds containing a plurality of ethylenedi-
nitramine units.

A further object is to provide feasible methods
of manufacturing the amines of the character
defined above.

Other objects and advantages will be apparent
as the invention is hereinafter more particularly
described.

The nitramines with which the present inven-
tion is primarily concerned may be regarded as
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mono or disubstituted derivatives of ethylenedi-
nitramine, having the general structural formula:

IITOz IiTO:
Ri+-N—CH:—-CH;—N—R?

where Rl is either an alkyl, or a nitroxyalkyl or &
nitraminoalkyl group, and R? is either a nitroxy-
alkyl or a nitraminoalkyl group.

As typical examples of this class of compounds
the following types may be mentioned: N-alkyl-
N’-(nitroxyethyl) ethylenedinitramines (V), N3,
N¢-dialkyltriethylenetetranitramines (VI) and

NN’ - bis(nitroxyethyl) ethylenedinitramines
(VID:
NO; NOs
R—I!T—CH:—CH:—IQI—CHaCHaQNOa
v
NO; NO2 NOs NO:
R—lll'——CH:CH:—I!T—CH:CH:—I!T—CECHa—I!T-—R
vI )
NOs NO;
O:NO—CH;CH:-—I!I—CH:—CH:—-I!T—CH:——CH:—ONO:
v

N-ALKYL-N’-(2-NITROXYETHYL) ETHYLENE~
DINITRAMINE (V)

The first of these compounds (V) may be pre-
pared by converting N-alkyl-ethylendiamine by
means of ethylene oxide to the N-alkyl-N’-
(2-ethanol) ethylenediamine and then treating
this latter secondary amine according to the gen-
eral procedure described and claimed in the co-
pending application of Wright and Chute, Serial
No. 570,814, now U. S. Patent 2,426,052, or Cason,
Serial No. 570,811, or our copending application
Serial No. 570,804, all filed of even date herewith.

The reaction involved in the latter stage of its
preparation may be represented as follows:
HNO;
@ R—NH—-CH:CH:—NH-—-CH:CH;0H ——
+ +
R—NH;—CH;CH:—NH;—CH:CH:ON O3
NO; NO;—
Ac20
() R—NH;—CH:CH;—NH:CH:CH:0NO: El—»
NOz— NO:— or
Br—.
R—N—CH3;CH:;—N--CH:CH:ONO;
NO; NOs
V)
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Nl,Ni-DmETHYL—Tnx?‘i;III)YLENmEmAMTRAMINE

An alternate method of preparing compounds
of type V also involves the formation of com-
pounds of type VI. According to this alternate
procedure, N-alkylethylenedinitramine (Franchi-
mont and Klobbie, Ree. trav. chim. 7, 346; 347
(1888) ) is treated with ethylene dibromide. Two
isomeric compounds are obtained. The higher
melting compound appears to have the structure
VI and is therefore an alkyl-nitraminoalkyl de-
rivative of ethylenedinitramine (i. e., R'=CHs and

R2=CH3—II‘T——CH20H2—N—CH20H2—)

NO; NOs

The lower melting compound appears to have
the structure VIII:

R—N—CH:CH;—N—CH;CH:—N—CH:CH:—N—R

NO; NO; NO: NOz
VI
R-—N——-CH:—CH:—N:II\T—O—C HzCHz—l?T——CHzCHz——N——R
NOy (4] NOz NO:
VIII

The first type of eompound (VD) is unafiected
by nitric acid, as would be expected from its for-
muia.

The second type of compound (VIII) when
treated with nitric acid cleaves to give two types
of producis: (a) N-(2-nitroxyethyl) alkyini-
tramines, described and claimed in our copend-
ing application, Serial No. 570,806, filed of even
date herewith; and (&) N-alkyl-N’(-2-nitroxy-
ethyD) -ethylenedinitramines (V), thereby prov-
ing the formula for the compound of the type
(VIII) and at the same time providing an alter-
nate route for the synthesis of compounds of
type V.

N,N’-Bis(2-NITROXYETHYL) ETHYLENE-
DINITRAMINE (VII)

Anocther example of the novel series of nitra-
mines in accordance with the present invention is
bis(2 - nitroxyethyl) ethylenedinitramine (VII).
This type of compound may be conveniently pre-
pared from diethanolethylenediamine (IX), ac-

cording to the procedure indicated by the follow- -

ing equations:
NO;—
CH:—~NH—C:;H\0H HNO: CH;—NH:*C:B4ONO;
HNH—CiHi—OE  CHy—NHy—CiH,ONO;
NOx—

NO>— NOs
CHi—NHz*—CH/ONO; Ae:0 CHy—N—CyHONO;s
Hy—NH—C:HiONO; C—  CHi—N—C3H;ONO;
NOz— NO:+—
VI

The foregoing typical examples of the class
of nitramines represented by the formula:

R1—-N—CH;CH—N—R?
NO:z NGOy

will be sufficient to enable those skilled in the
art to prepare their higher homologues and an-
alogues, using procedures similar to those briefly
mentioned above.

All representative members of the class that
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contain one or more nitroxyalkyl groups are char-
acterized by the ability to plasticize nitrocellulose
and because of their very low volatility, provide
a group of essentially non-volatile high-potential
plasticizers for nitrocellulose adaptable for use
in the manufacture of double-base type of pow-
ders.

In order more clearly to disclose the nature of
the present invention, several specific examples
will hereinafter be described in considerable de-
tail. It is to be clearly understood, however, that
this is done solely by way of example and not for
the purpose of delineating the scope of the pres-
ent invention, or of restricting the ambit of the
present claim.

ExamprLE 1

Preparation of N-methyl-N1-(2-nitroxyethyl)-
ethylenedinitramine (V) and NI,N¢-dimethyl-
triethylenetetranitramine (VI)

R'-—I}]'—CH:CHz—N‘—R2
NO: NO:

(V) : R!is methyl: R? is 2-nitroxyethyl.
(VI) : R! and R? are —CH2:CH>—N(NO2) CHa.

(A) Reaction of N-methyl-ethylene dinitramine
and ethylene dibromide

In a 2-1 flask fitted with stirrer, thermometer,
and reflux condenser there were placed 82.0 g.
(0.5 mole) of N-methylethylenedinitramine, 500
ce. of alcohol, 500 cc. of water, 28.1 g. (0.5 mole
of potassium hydroxide, and 47.0 g. €0.25 mole)
of ethylene bromide. The mixture was stirred
and refluxed for twenty-four hours, Precipita-
tion of N1 N*-dimethyltriethylenetetranitramine
began to take place after two hours refluxing.

After completion of the reflux period the mix-
ture was filtered at 70° C., and the crude solid
washed with 100 cc. of hot alcohol. The wash-
ings were combined with the main filtrate. The
vield of crude product from several runs varied
from 12.1 g~13.6 g. and melted at 210-213° C. d.
(uncorr.). The pure N1,N¢-dimethyl-triethylene-
tetranitramine (m. p. 211.5-213° C. d. (uncorr.)
was obtained by recrystallizing the crude produst
from nitromethane.

Analysis: Caled. for CsHisNg: N, 31.64, Found:
N, 31.62.

The combined filtrate and washings obtained
above were cooled in the refrigerator overnight
and gave a second crop of crystalline material
(154 g-19.5 g.) meliing at 83.5-85.5° C. (corr.).
This low melting impure material was purified
by dissolving in the minimum amount of hot
acetone, treating with decolerizing charcoal, fil-
tering, and allowing the solution to cool. The
crystalline precipitate was separated and recrys-
tallized from aqueous acetone (5 volumes of water
to 8 volumes of acetone). There separated on
cooling two solid species, one of which was a small,
plate-like, well crystallized solid whereas the
other was a light amorphous material. It was
possible to separate the two materials mechani-
cally. The mixture in the cold acetone was
whirled and the liquid containing the amorpheus
material was decanted from the erystalline solid.
The process was repeated several times and com-
plete separation was obtained. The amorphous
solid (1.8-23 g.) melted al approximately 150°
C. This substance was not investigated further.

The low melting crystalline solid (11.2-14.2 g.)
melted at 88.5-90° C. (corr.); recrystallization
from agueous acefone did not raise the melting
point. The experimental evidence indicates that
this produet is isomerie with N! N4-dimethyl-tri-
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ethylenetetramitramine and probably has the
structure:

CH;—N—CH,cH,—N—cmcH,-o—N-N-CH,cm—hlr—cH:
NO: ) NO; NQ;

Analysis: Caled. for CsHisOsNs: N, 31.64.
Found: N, 31.58; 31.61.

When the filirate from the second crop was
acidified with 70 per cent nitric acid a precip-
itate of impure unreacted N-methyl-ethylene-
dinitramine separated. From 28-35 g. of unre-
acted material was recovered.

(B) Structure of high-melting compound formed
in alkylation of N-methylethylenedinitramine

If the high melting compound formed in the
reaction between N-methylethylenedinitramine
and ethylene bromide has the structure:

CH:—ITT—C H;CH;—N—CH;CH;—N—-CH:CH,—N—CH;s

NO; NO; NO: NO:
treatment with 98 per cent nitric acid should not
affect the compound.

Actually the compound can be recovered un-

changed when it is dissolved in 98 per cent nitric
acid by quenching with water.

(C) Structure of Low-Melting Compound Formed
in Alkylation of N-methylethylenedinitramine

If the low melting compound formed in the al-
kylation of N-methylethylenedinitramine with
ethylene bromide has the structure:

CH:—I;T—CH:C H:-N-C HzCH:—-O—I:T=N—CHzC Hy-N-CH3
NO: NO; o NOz

treatment with 98 per cent nitric acid should
cleave the compound to give two products,
namely:

CHy—N-—CH;CH:—N—CH:;CH;—ON O,
I!TO: NO:
and
0:N—O—CH:CH;—N—CHs
111'02

Actually two products were isolated when the
low melting alkylation product was treated with
nitric acid. One of these was shown to be identical
with N - (2 - nitroxyethyl) - methylnitramine
(MeNENA) and analysis of the other product was
in agreement with the formula CsHuONs. The
experimental details are as follows:

In a 200 cc. flask fitted with stirrer and ther-
mometer there was placed 50 cc. of 98 per cent
nitric acid and while the temperature of the lig-
uid was held at 10° C. by means of external cool-
ing, 10 g. of the low melting alkylation product
was slowly added. The mixture was stirred for
fifteen minutes after addition had been complete
and then poured on 150 g. of cracked ice. The
crystalline precipitate which formed was filtered,
washed with two 50 cc. portions of water, and air-
dried. The crude solid (Crop I, 6.1 g.) melted at
90-92° C.

The acid filtrate from Crop I was neutralized
with sodium bicarbonate. A second crop precip-
itated and this was filtered, washed with a small
amount of water and dried in the air. The crude
Crop II (2.3 g.) melted at approximately 35° C.
Extraction of this crude material with 150 cc. of
ether left a residue of 1.1 g. melting at 85° C.

The alkaline filirate from Crop II was extracted
with three 100-cc. portions of ether and the ether
extracts were combined with the ether exfract
of Crop II. After drying over 30 g. of magnesium
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sulfate the ether was removed and therée was ob-
tained 2.8 g. of N-(2-nitroxyethyl) methyl-
nitramine (MeNENA) melting at 35.5-37° C.
(uncorr.). No depression of melting point was
chserved when it was mixed with an authentic
sample melting at 38—40° C.

Crop I and the ether insoluble residue from
Crop ITI were combined and recrystallized from
50.per cent agueous acetone. The material crys-
tallized as small glistening plates melting at 90.5-
92° C. (corr.). Yield, 6.4 g. This material was
proved to be different from the starting material
by taking a mixed melting point.

Analysis: Caled. for CsH1uiO1Ns:
Found: N, 27.63.

N, 27.67.

ExampLe IT

Preparatzon of N,N'-(2-nitroxzyethyl) ethylene-
dinitramine (VII)

R1-N—CH:CH;—N—R?
NOs NO;

(VD) : R! and R? are 2-nitroxyethyl.

(A) Preparation of N,N'-di-(2-ethanol) ethylene-
diamine telranitrate

In a 1000 ce. flask fitted with stirrer and ther-
mometer there was placed 250 cc. of 98 per cent
nitric acid. The acid was cooled to 10-15° C. by
means of external cooling and 49.3 g. (0.35 mole)
of N,N’-diethanolethylenediamine was slowly
added with stirring. The temperature was main-
tained at 10-15° C. during this addition. After
all of the amine had been added the mixture was
warmed to 35° C. and stirred at this temperature
for an additional fifteen minutes. The clear solu-
tion was poured over 750 g. of cracked ice and the
resulting aqueous solution was diluted with 500
cc. of 95 per cent alcohol. The crystalline solid
which precipitated was filtered, washed with two
100-cc. portions of alcohol and dried in the air.

The crude product (97.8 g.) melted with decom-
position at 157.5° C. (corr.) and was purified by
crystallization from aqueous alcchol. There was
obtained 80.1 g. (75.5 per cent of the theoretical
yield) of a white crystalline solid melting with
decomposition at 170-171° C. (corr.).

(B) Preparation of N,N’-bis(2-nitroxyethyl)
ethylenedinitramine

In a 500 ce. flask fitted with a stirrer and ther-
mometer there was placed 18.4 g. (0.05 mole) of
N,N’-di(2-ethanol) ethylenediamine tetranitrate,
100 cc. of acetic anhydride, and 1 cc. of concen-
trated hydrochloric acid. The mixture was heat-
ed by a water bath to 50° C. and 1 g. of anhydrous
zinc chloride was added to the slurry. An exo-
thermic reaction took place within a minute and
it was necessary to apply external cooling in order
to maintain a reaction temperature of 50° C.
(No reaction occurred when the tetranitrate was
heated for fifteen minutes with acetic anhydride
or with acetic anhydride and a small amount of
hydrochloric acid.) After stirring at 50° C. for
half an hour the mixture was poured slowly into
500 cc. of water. In a short while an oil sepa-
rated which solidified upon cooling. The crude
solid was filtered, washed with water, and dried
in the air. The impure product (13.7 g.) melted
at 58.5-60.5° C. (corr.).

The product was purified by precipitating an
acetone solution of the crude material with cold
water. The product obtained in this way (13. g.)
melted at 60-62° C. (corr.). Yield, 80 per cent,
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7.

Analysis: Caled. for CsHuOwNs: N, 25.61.
Foutnid: N, 25.62, 25.50,

It will e apparent to those skilled in the art
that many variations, modifications and exten-
sions of the forégoing specific examples may be
made without departing from the spirit and scope
of the present invention. All such variations,
modifications and extensions are to be under-
stood as included withid the ambit of the ap-
pérded claini.

‘We claim:
© & process which comprises treating a com-
pound selected from the group consisting of
N-alkyl-N’ and (2-alkanol) ethylenediamine and
N,N’-bis(2-alkanol) ethylenediamine, with about
an equivalent amount of nitric acid and about an
equivalent amount of a dehydrating fatty acid
anhydride in: the presence of a halide-ion-form-
ing catalyst, and then separating the nitroxyalkyl-
nitramine from the resulting reaction mixture.

AERFRED T. BLOMQUIST.
FRED T. FIEDOREK.
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