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ABSTRACT

Method of synthesis of dinitro-diaza-alkanes and
intermediate products thereto from alkylamines and esters,

whereby a dialkyl ester of a dicarboxylic acid 1s reacted

with an alkylamine 1n an aqueous medium to form the

corresponding dialkyldiamide of the dicarboxylic acid;
the resulting dialkyldiamide 1s nitrated by means ot

conventional nitration agents to form the corresponding

dialkyldinitroamide of the dicarboxylic acid;

the resulting dialkyldinitroamide 1s reacted with

methylamine and/or ethylamine in an aquous medium to yield
a corresponding alkylnitroamine and the dimethyldiamide
and/or diethyldiamide of the dicarboxylic acid, and the
alkylnitroamine 1s 1isolated from that, and the 1solated
alkylnitroamine 1s condensed 1n a known manner to form the

dinitro-diaza-alkanes.
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DESCRIPTION

METHOD FOR PRODUCING DINITRO-DIAZA-ALKANES
AND INTERMEDIATE PRODUCTS HERETO

For several years, there have been known propellant powders
which contaln dinitro-diaza-alkanes as an enerqgetic
plasticizer, also known as a blasting o0il, specifically
2,4-dinitro-2,4-di1aza-pentane in this case, either alone or
1n mlixXture with other suitable alkanes (U.S. Patent No.

4,470,322, U.S. Patent No. 4,457,791).

It 1s 1n the nature of dinitro-diaza-alkanes that the

propellant powders produced with them have combustion

characteristics which are almost 1ndependent of

temperature. Thils 1s a highly desirable property, which
means that the amblent temperature has little or no
influence on the maximum gas pressure evolved in the system
1n combustion of the propellant charge. Propellant powders
having combustion properties that are independent of
temperature make 1t ©possible to wutilize the maximum

potential power of the system over a wide temperature range

accordingly.

F
o

Extensive use of dinitro-diaza-alkanes for production of

propellant powders having a suitably balanced temperature
characteristic has been prevented in the past by the fact

that dinlitro-diaza-alkanes are difficult to synthesize and

Chus are expensive accordingly.

In the case of a known production process (U.S. Patent No.
4,470,322 with additional citations there), 2,4-dinitro-
2,4-dlaza-pentane 1s synthesized from dimethylurea or
diethylurea. The urea is nitrated with nitric acid, and the

nitration product 1is hydrolyzed to methylnitroamine or

ethylnitroamine. The resulting nitroamines are condensed to
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2,4-dinitro-2,4-diaza-pentane wilth the help of
paratormaldehyde and sulfuric acid. By a similar method,

2,4-dinitro-2,4-diaza~-hexane and 3,5-dinitro-3,5-diaza-

heptane as well as mixtures of the three alkanes mentioned
here can also be produced (Tartakofsky et al., Russian
Chemlcal Bulletin, 1993, 42, 1916 ff). Synthesis from urea
gives only a relatively low total vyield, and the
diethylurea used in this synthesis 1is very expensive. In
addition, the nitrated wurea compound 1is an extremely

unstable, temperature-sensitive and aclid-sensitive

explosive i1ntermediate product.

In another proposed method for synthesis of the

atorementioned mixture of three dinitro-diaza-alkanes,
methylamine or ethylamine is reacted with a chloroformic
acld ester using sodium hydroxide solution to form an
intermediate product which is then nitrated with nitric

acid. The nitration product is reacted by means of ammonia

and ethanol at reflux to form methylnitroamine or

ethylnitroamine, which is then condensed to form the

dinitro-dlaza-alkanes as in the preceding method. In this

process, the next-to-last step in the synthesis of the
nitroamines is very complicated and time-intensive, so that
1t cannot be implemented on a large scale industrially.

P
p——

The object of this invention 1is to provide a method of

syntheslis of dinitro-diaza-alkanes which can be carried out
caslly and economically on a large scale industrially

without any great safety risks.

This object 1s achieved according to this invention with
the method characterized in Claim 1 and with regard to
advantageous embodiments in the subclaims referring back to
Claim 1.

The method according to this invention begins with a

diester, preferably a dialkyl ester of a dicarboxylic acid,

preferably oxalic
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acid diethyl ester, which is reacted with a primary aliphatic
amine, preferably ethylamine, to yield the corresponding
dialkyldiamide. The reaction takes place in an aqueous medium.
The reaction temperature is between 0 and 80°C. The dialkyl-
diamides are obtained in the form of a precipitate which can be

filtered out after a reaction time of 0.5 to 3 hours, preferably

1 to 2 hours. The following formula describes the first step

of the process according to this invention:

Lo 0
) )
R R+ 2 HN—R ——» R ,ﬂ\. _R
07 T(EHY)Z o N (c:H:,))Ll
H H
R = C,Hypsy With n =1, 2, ..., 10
m=0, 1, ..., 10

This formula represents the case when a dialkyldiamide of

the dicarboxylic acid 1s formed with a primary aliphatic

amine. Instead of diamides with aliphatic groups, however,

diamides of the dicarboxylic acid may be formed with cyclic

or aromatic groups, thls process being controlled through

pabum

the choice of a suitable cyclic or aromatic amine.

In the second step of the method according to this
invention, the resulting dialkyldiamides are nitrated by

means of conventional niltration agents to vyield the

corresponding dialkyldinitroamides. This 1is shown by the

following formula:

' ), b), ¢)
H v ‘ M

Nitration O O
h /ﬂ\\CH) % R\‘,JL\ ,/H\. R
2’m N (CHz) Py

a) HNO3/H2504
b) HNO:/acetic anhydride
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_ 4 -
C) N,O¢
R=CH, ,, with N=1, 2, ..., 10
m =0, 1, ..., 10

If the second step begins with diamides which have cyclic or
aromatic groups, the result 1s dinitroamide compounds having

the corresponding groups. Nitration takes place with the help

of the usual nitration agents, preferably with the help of

lactic acids, nitric acid, acetic anhydride or nitrogen
pentoxide, with or without a solvent. The temperature during the
addition of the nitration agent should be in the range of -20°C
to +20°C. In the case of the liquid dinitro compounds, two
phases are formed and the solid dinitro compounds can be filtered
out. For example, the dialkyldiamide may be dissolved in nitric
acid and mixed with concentrated sulfuric acid at a temperature

below 20°C, then the reaction product is poured onto ice and then

filtered or separated.

In another step, namely the third step, the dialkyl-
dinitroamides are reacted with methylamine and/or
ethylamine, forming dimethyldiamides and/or diethyldiamides
as by-products, which can in turn be used after nitration
to synthesize methylnitroamine and ethylnitroamine, and
they can Dbe used after acldification to produce
alkylnitroamines in which the alkyl group corresponds to
that of the dinitroamide. The third step is represented by
the following formula:

NO, NO, H H R,

L
[

CnHZn-l-l wl th Il
m=20, 1, ..., 10

1, 2, ..., 10

R, = methyl, ethyl

The alkylnitroamines are preferably isolated by extraction
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with the help of an organic solvent such as diethyl ether,
dichloromethane, methyl-tert-butyl ether (MTBE), ethyl acetate

or toluene, but ether 1s preferred.

In the fourth step, the alkylnitrocamines thus isolated are
condensed to form the dinitro-diaza-alkanes in a known manner.
Suitable methods for this are disclosed in the U.S. Patent No.
4,476,322 and in the article by Tartakofsky et al. (loc. cit.).
A preferred method of condensation can begin with paraformalde-
hyde 1in the concentrated sulfuric acid to which alkylnitroamine

is added gradually at a temperature between -20°C and +20°C,

then diluting with water and extracting with an organic solvent
and finally washing the organic phases and removing the solvent.
The solvent used here may be the same as that which was also
used in the third Step and 1s used further here without being
removed at the end. Schematically, the following formula

represents the fourth step:

NO, N,
N N
R1/ \/ \R1
NO
H 72
N—NO PAANGLN
R/ 2 R2 Rz
1
: 0, 1o,
N N
g ~
T ————r——
R, 2 CH0 RIS
2
H\
— NO, NO
/N N02 hll 2 h" 2
R
3 R1// \/ \Ra
NO, NO

Ri, Rz, R3 = C Hy1 with n

1
}—3
~
DO
~
~
O
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This invention is directed in particular at the synthesis

p—

of a mixture of the three compounds 2,4-dinitro-2,4-diliaza-

pentane, 2,4-dinitro-2,4-diaza-hexane and 3,5-dinitro-3,5-
diaza-heptane, as mentioned above and referred to here as
DNDA 57, Dbecause this mixture seems to be especially
suitable for producing propellant powders having a balanced
temperature characteristic. The desired composition of the
mixture can be controlled 1n condensation through the

relative amounts of the different nitroamlines used.

In this connection, the refinement of thils 1nvention
according to Claim 12 is especially advantageous. In this
case, methylnitroamine and ethylnitroamine are synthesized
together in the same process, and their ratio can then Dbe
adjusted from the beginning according to the desired
composition of the DNDA 57, so that the two nitroamines can

be condensed immediately without further workup to form

DNDA 57 in the fourth synthesis step.

In comparison with the synthesis pathways discussed 1in the
introduction, the method according to this 1nvention offers
several advantages. The cost of the starting materials 1s
low and the starting materials are available 1in large
quantities. The vyields are relatively high and the
intermediate products obtained can be 1i1solated. This
process can be 1implemented on an 1ndustrial scale
comparatively easily. Finally, it can be carried out 1in an
environmentally acceptable manner, because a large portion
of the reactions take place in an agqueous medium, and all

the waste products are highly biodegradable.

Furthermore, this invention concerns dialkyldinitroamides

of a higher dicarboxylic acid as well as dinitroamides of a

dicarboxylic acid in which the alkyl group is replaced by a

cyclic group or an aromatic group. Such substances are

obtained as
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intermediate products when the process according to this

invention 1s carried out, namely at the end of the second
step, 1.e., by nitration, where the group 1s controlled
through an appropriate choice of amine used 1n the first
step. The preferred use of these substances, namely the
dialkyl-dinitroamides, 1S thelir use as intermediate
products for synthesis of alkyl-nitroamines or dinitro-
diaza-alkanes, e.g., with the help of step 3 or steps 3 and
4 of +the process according to this 1invention. The
dimethyldinitroamide of oxalic acid 1s already known from
Chemical Abstracts, reference 46: 904G, but there 1i1s no

mention of this application there.

This invention is explained below with additional details,
namely on the basis of examples for the synthesis of
methylnitroamine and ethylnitroamine and for the synthesis

of the resulting energetic plasticizer mixture DNDA 57.

1) Synthesis of N,N'-dimethyloxalic acid diamide from

oxalic acid diethyl ester and methylamine

0
1 I
,C /OCH + T B —— HC\ /C\ VN
H.C,O ~c 3 & F CH, N C CH, + 2 C,H,OH

O=
.
O

While stirring, 389 g (5.0 mol, d = 0.90, 432 ml) 40 %
methylamine solution 1s added by drops to 292 g (2.0 mol,
d = 1.08, 270 ml) oxalic acid diethyl ester. The
temperature should not exceed 80 °C. After one hour of a
secondary reaction time, the colorless solid 1s filtered

out, washed with a small amount of water and dried. Yield:
125 g (1.1 mol, 54 %).
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2) Synthesis of N,N'-diethyloxalic acid dlamide from

oxallic acid diethyl ester and ethylamilne

Co OCH, + 2 HN—CH, ———— HsCan SOl NS v 2 ¢ H.oH

While stirring, 387 g (5.0 mol, d = 0.81) 70 % ethylamine
solution 1s added by drops to 292 g (2.0 mol, d = 1.08)
oxalic aclid diethyl ester. After this dropwise addition,
the mixture 1s stirred for one hour at room tTemperature.

The colorless solid 1s filtered out, washed with a small

amount of water and dried. Yield: 154 g (1.1 mol, 53 %).

3) Synthesis of oxallc acid bis-[methylnitroamide]:
T 2 \%
H,C. _Co _ _N_ M H.C. _C. _N_
o g e

10.0 g (0.09 mol) oXalic acid-bis-[methylamide] 1S
dissolved in 25 ml 96 % HNO; and mixed with 50 ml H,SO,

while preventing excessive heating (25 °C to 45 °C). The

resulting paste 1s poured onto ice, filtered, washed with

water until neutral and dried. Yield: 14.8 g (0.07 mol,
79 %), m.p. 124 °C from ethanol.

4 ) Synthesis of oxalic acid bis~-[ethylnitroamide]:
O H
I | O  NO,
H'CZ\N/C\C"N\C H HNOS{HQSO4"' HSCZ\ /(':’\ /Jll\.
| ] ¥ N° G "C,H,
H Q * 1
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26.0 g (0.18 mol) oxalic acid bis-[ethylamide] 1s dissolved
in 50 ml 96 % HNO: and mixed with 100 ml H,SO; while
preventing excessive heating (25 °C to 45 °C). Two phases
are formed. The organic phase is separated, then washed

with water and saturated with sodium carbonate solution.
Yield: 30.6 g (0.13 mol, 89 %).

5) Synthesis of methylnitroamine:
8 e 8
+2H.N—CH I |
H,C. _C. _N_ 2 3. H.C S @
3 N e M, — 3 H \N,C\C,NNCHQ . [OzN-N—CH:]{H,N—-CH{}
z I
O;N © H 0
} HQ
i
h J
H
\
2 N-NO,
r4
H.C

10.0 g (0.05 mol) oxalic acid bis-[methylnitroamide] 1s
mixed in small portions with 17.5 ml (0.23 mol) 40 3
methylamine solution. The mixture heats up and changes
gradually. After approximately one hour, the mixture 1s
filtered to remove the oxalic acid bis-[methylamide] that

is formed again and then it is washed with a small amount

of water. The aqueous phase 1is acidified with H;S04,
forming methylnitroamine and methylamine sulfate. Then
extraction is performed three times with 50 ml ether each

time. After drying over MgSO,, the ether 1s removed. Yleld:
6.2 g (0.08 mol, 82 3%).

0 ) Synthesis of ethylnitroamine:
[0 e znp—on I
H.C _C N 2N ¥ g e c ' : G 1 e )
s Z\rl“ \Cx Csz'—"——*———-b 3 \N.ﬂ" \C/N\CH*- 2 O.‘,N““"T\J""Cz}'is H:‘f\‘l-----('_;[--l3
Il I I{ ] L 4L ..L
ON O H O
:f
F H@
|
\ 4
H
\
2 N—NO,

-'-mer'-l-—'w ST SRR ST L P ST SR Y S i RalCA AP DTS - DT TR L A L T Y e AN i gy X ¥
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11.7 g (0.05 mol) oxalic acid bis-[ethylnitrcamide] 1s

mixed in small portions with 17.5 ml (0.23 mol) 40 %

methylamine solution. The mixture heats wup and changes

gradually. After approximately one hour, the oxalic acid
bis-[methylamide] that has formed again is filtered out and
washed with a small amount of water. The aqueous phase 1s

acldified wlth H,SOq, forming ethylnitroamine and

methylamine sulfate. Then extraction 1is performed three

times with 50 ml ether each time. After drying over MgSOy,
the ether is removed. Yield: 8.9 g (0.10 mol, 99 %).

7) Reaction of a mixture of methylnitroamine and

ethylnitroamine to form DNDA 57

H
\ \ H,S0, NO, NO,
N—NO, + N—NO,  ————p ,{I N
. ” /C
H,C HC, LiTp™ H,C” TCHS TCH, "
-10 °C to +10°C
NO, NO

DNOA §7

To synthesize DNDA 57, 2.3 g paraformaldehyde is placed 1in
40 ml 75 % sulfuric acid and cooled to 0 °C. A mixture of

7.2 g (95 mmol) methylnitroamine and 4.5 g (50 mmol)

ethylnitroamine 1is added by drops in such a way that the
temperature of the reaction solution does not rise above
5 °C. After a secondary reaction time of one hour, the
mixture 1s poured into ice water, and the agqueous phase 1s
extracted wlith a total of approximately 50 ml

dichloromethane. The combined organic phases are washed

mnm“u-—v\-—u * Jeeppr = seee . -y 0y i
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with saturated sodium carbonate solution and dried over
magnesium sulfate. After removing the solvent, this ylelds
DNDA 57 in a vield of 10.3 g (83 %). The ratio of the three

components 1s as follows:

2,4-Dinitro-2,4-dlaza-pentane approximately 45 3%
2,4-Dinitro-2,4-dilaza-hexane approximately 44 %
3,5-Dinitro-3,5-diaza-heptane approximately 11 %

OVERVIEW OF DNDA SYNTHESIS

O Q H ~
_— 1 | NO
& _OCH ~ZMNTCHL nc ¢ HNO, / H,S0, TR
HOOJ \C/ M- N \Cf \CH e V. S HSCZ\ ,C\ /N\
S72 T 50-65% | ¥ 25 899%, [],] (I:l’ Csz
Q H O O,N o

NO,  NO,
_N_ __N
“CH; TCH,
HNO, / H,SO,
NO, l‘|402
~NJ No CH
CH; ~CH, ~°
vo: e
+ 2 H.N—CH N N CH
: 3 " CH TeHy T3
O
I
HSCN /C\ AR
§ ﬁ DNDA §7
& . Total yield
S3% _ 82% approx. 40 - 50 %

The preceding overview of DNDA synthesls shows how the
individual steps described above are combined to form a
self-contained method of synthesis of DNDA 57. Starting

with oxallc acid diethyl ester and ethylamine,

diethyloxalic acid diamide is synthesized first, and then
by nitration with the help of nitric acid and sulfuric

acid, oxalic acid diethyldinitroamide 1s obtained from 1t.
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The latter 1S reacted wlth methylamine to form

 _—

dimethyloxalic acid diamide as a by-product and ethyl

nitroamine. The by-product is nitrated as before, yielding

oxallc aclid dimethyldinitroamide. By reacting this
intermediate product with methylamine, this agaln yilelds
dimethyloxalic acid diamide as a by-product, which 1s agaln
sent for nitration, and also yields methylnitroamine. The
two resulting nitroamines are converted together to the

desired DNDA 57 mixture of three nitro-diaza-alkanes Dby

joint condensation with the help of sulfuric acid and

paraformaldehyde. In the overview, the yields obtalned in
the individual steps are given. The total yileld 1s

Q

approximately 40 to 50 %.

One variant of synthesis methods 3) through 6) above 1s
simultaneous synthesis of methylnitroamine and

ethylnitroamine from the two dialkyloxalic acld diamides:

g ! p H
H.Cc. _C._ _N_ c. _C. _N_ N
SNT TG TCH, k N "C” TCH, 2 N—NG,
| [ 1 I H,C
M O ON O 0 H
HNO, / H,SO +4 H,N—CH
+ .._..g........}iz..-_.i.—p + — 2 ——3-p + 2 HJC\I?‘/C\%/N\CHS
C NO H o
ﬁ ff' i |3 H
Hf’cz\u"c‘c’N‘c ¥ HeCan v O -Noe 2 N—NO,
f I z3 | I 2 H.C
H a ON 0 52

15.2 g (0.13 mol) oxalic acid bis-[methylamide] and 6.0 g
(0.04 mol) oxalic acid bis-[ethylamide] are dissolved 1n
50 ml 96 % HNO: and mixed with 100 ml H-SO, while preventing
excessive heating (25 to 45 °C). The resulting paste 1s
poured onto 1ice, filtered and washed with water until
neutral. The resulting oxalic acid diamides are mixed 1n
small portions with a total of approximately 60 ml (0.7/9
mol) 40 % methylamine. The mixture heats up and changes
gradually. After approximately one hour, the oxalic acid
bis-[methylamide] which is formed again is filtered out and

g

washed with a small amount of water. The aqueous phase 1s

ot et 4 s o e A i o P -ty T ot a0 AT TPV M AU ITPIAIY PP b e 1 11 11 51 AT T e S A O it =
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acidified with H-SOq4, forming methylnitroamine,
ethylnitroamine and methylamine sulfate. Then extraction 1s
performed three rimes with 50 ml ether each time. After
drying over Mg50s, the ether 1s removed. The  two
nitroamines are obtained in the desired ratio 1in a yield ot
61 2 and can be used immediately in the next synthesis step

without any further work-up.

A e abing Ll h ks sl AN ¢ Ay e
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CLAIMS:

1. A method of synthesis of dinitro-diaza-alkanes from

alkylamines and esters, characterized by a combination of the

following steps:

1. reacting a diester of a dicarboxylic acid with an
alkylamine in an aqueous medium to yield the
corresponding dialkyldiamide of the dicarboxylic
acid;

2. nitrating the resulting dialkyldiamide by means of
the usual nitration agents to form the corresponding

dialkyldinitroamide of dicarboxylic acid;

3. reacting the resulting dialkyldinitroamide to form
the corresponding alkylnitroamine by mixing the
dialkyldinitroamide in an aqueous medium with
methylamine and/or ethylamine, separating the
resulting dimethyldiamide and/or diethyldiamide of
the dicarboxylic acid, acidifying the remaining
product and then extracting the alkylnitroamine from

that;

4 . condensing the isolated alkylnitroamine to form the

dinitro-diaza-alkanes 1n a known manner.

2 . A method according to claim 1, whereby the process starts

with a dialkyl ester of a dicarboxylic acid.

3. A method according to claim 2, whereby the process starts

with oxalic acid diethyl ester.

4, A method according to claim 1, 2 or 3, whereby

methylamine and/or ethylamine, is used in the first step.

5. A method according to claim 1, 2, 3, or 4, whereby

methylamine 1s used 1n the third step.
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6. A method according to any one of claims 2 to 5, whereby

L

"1irst step, the alkylamine in an aqueous solution 1s

in the

added gradually to the dialkyl ester at a temperature between

0°C and 80°C, and the reaction product is filtered out after a

secondary reaction time of 0.5 to 3 hours.

7. A method according to any one of claims 1 to 6, whereby
in the second step lactic acid, nitric acid, acetic anhydride

or dinlitrogen pentoxide with or without a solvent i1s used as

the nitration agent.

8. A method according to claim 7, whereby the dialkyldiamilde
is dissolved in nitric acid, and mixed with concentrated

sulfuric acid at a temperature below 20°C, then the reaction

product is poured onto ice and then filtered or separated.

9. A method according to any one of claims 1 to 8, whereby
in the third step the remaining product is acidified with
concentrated sulfuric acid, and then the alkylnitroamine 1is

extracted with an organic solvent.

10. A method according to any one of claims 1 to 9, whereby
the fourth step begins with paraformaldehyde in the
concentrated sulfuric acid to which alkylnitroamine is added
gradually at a temperature between -20°C and +20°C, then
diluting with water and extracting with an organic solvent and

finally washing the organic phases and removing the solvent.

11. A method according to any one of claims 1 to 10, whereby

the dimethyldiamide and/or diethyldiamide which is separated

as a by-product in the third step is nitrated again in the
second step and used 1n the third step to synthesize

methylnitroamine and ethylnitroamine.
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12. A method according to any one of claims 4 to 11, whereby
in the second step dimethyldiamide and diethyldlamide are
nitrated together, and the two reaction products are jolintly

reacted to form methylnitroamine and ethylnitroamine in the

third step.

13. A method of synthesis of alkylnitroamines from

alkylamines and esters, characterized by steps 1 through 3

defined i1n claim 1.
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