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ABSTRACT

An environmentally friendly picric acid explosive compris
ing, providing a nitromalondialdehyde, providing a dini
troketone, reacting the nitromalondialdehydes with the dini
troketone to produce a mixture, and Subjecting the mixture to
a cyclodehydrative mechanism to produce environmentally
friendly picric acid explosive. Embodiments of the present
invention include the picric acid explosive produced by the
methods of described above.

6 Claims, No Drawings
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viding a nitromalondialdehyde, providing a dinitroketone,
reacting the nitromalondialdehydes with the dinitroketone to
produce a mixture, and Subjecting the mixture to a cyclode
hydrative mechanism to produce environmentally friendly
picric acid explosive. Embodiments of the present invention
include the picric acid explosive produced by the methods of

PCRIC ACID EXPLOSIVE COMPOUND AND
ENVIRONMENTALLY FRIENDLY METHODS
FOR MAKING THE SAME

This is a divisional of application Ser. No. 10/911,756, filed

Jul. 29, 2004, now U.S. Pat. No. 7,271,300.

described above.
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It is to be understood that the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not to be viewed as being restrictive
of the present invention, as claimed. Further advantages of
this invention will be apparent after a review of the following
detailed description of the disclosed embodiments and in the
appended claims.
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DETAILED DESCRIPTION OF THE INVENTION

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH ORDEVELOPMENT

The invention described herein may be manufactured and
used by or for the government of the United States of America
for governmental purposes without the payment of any roy
alties thereon or therefor.
FIELD OF THE INVENTION

The present invention relates to environmentally friendly
methods for making picric acid explosive, and more specifi
cally, utilizing cyclodehydrative condensation mechanism
for making the picric acid explosive compound that does not
produce unwanted highly toxic nitration isomers.
BACKGROUND OF THE INVENTION

Current methods of synthesizing trinitrotoluene (TNT)
involve successive mixed-acid nitrations of the petrochemical
toluene (Milligan, B., “Isomer Distribution in Mixed-Acid
Nitration of Toluene. Evidence for Mass-Transfer Effects on
Selectivity” Ind Eng Chem Fundam, 25(4), 783-789 (1986).
During this process, Some undesired nitration isomers occur
(Cl-, 3, and Y-trinitrotoluene) as well as incomplete nitration
products (2.4- and 2,6-dinitrotoluene). These unwanted iso
mers are removed by sellite (sodium sulfite) washings. Iso
mers with nitro groups ortho to one another react with the
Sulfite generating ionic, water-soluble products. These
washes have a characteristic red color, hence the name red
water. These washings are highly toxic and very expensive to
destroy (incinerate). Because of this red water problem,
there are no North American plants that will produce TNT.
Currently, all U.S. needs for TNT are supplied from overseas
Sources where environmental standards are mild or non-ex
istent.

A report by Hill and Torrey explain the chemistry and
analogous condensation of nitromalondialdehyde (Hill, H.
B., Torrey, J. Jr., “CXV. On Nitromalonic Aldehyde' Amer
Chem J. 22, 89-110 (1899). However, the report does not
teach nor Suggest the use of dinitro-compounds to make trini
tro aromatics (TNT).
U.S. Pat. No. 5,946,638 issued on Aug. 31, 1999 to Jaya
suriya, et al., and U.S. Pat. No. 5,977,418 issued on Nov. 2,
1999 are based on a process for regaining the nitration of
toluene in the presence of Zeolites. The products from the
nitration process in these patents do not include trinitrotolu
ene (TNT) aromatics. Although the Zeolites help to make the
nitration reaction more regioselective, there still remain Small
percentages of unwanted isomers that must be removed (i.e.
sellite washings) This present invention is completely differ
ent from the above patents, there is not nitration of an aro
matic ring, hence no regioisomer issues. The invention
described here is a novel ring forming reaction of two nitro
components to form an aromatic ring in a completely
regiospecific manner.
There exists a need in the art for an environmentally
friendly alternative to the current manufacturing process for
the high explosive 2,4,6-trinitrotoluene (TNT) which does
not produce the highly toxic nitration isomers and products
responsible for “red water waste.
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SUMMARY OF THE INVENTION
65

The present invention relates to methods for making envi
ronmentally friendly picric acid explosive comprising, pro

The present invention relates to methods for making 2.4.
6-trinitrotoluene (TNT) compounds, picric acid explosives,
and 2,4-dinitrophenol compounds by utilizing environmen
tally friendly cyclodehydrative condensation mechanisms.
Embodiments of the present invention include an environ
mentally friendly method for making 2,4,6-trinitrotoluene
(TNT) compounds comprising, providing nitromalondialde
hydes, providing dinitro-compounds, reacting the nitroma
londialdehydes with the dinitro-compounds to produce aldol
intermediate compounds, and Subjecting the intermediate
compounds to a cyclodehydrative mechanism to produce 2.4.
6-trinitrotoluene (TNT) compounds in an environmentally
friendly manner. These embodiments of the present invention
include the nitromalondialdehydes comprising about 26 to
about 53 weight '% and the dinitro-compounds comprising
about 47 to about 74 weight %. In other embodiments, the
dinitro-compounds comprises at least one of 1,3-dinitro-2methyl-2-propanol or 1.3-dinitroacetone. According to the
methods of the present 2,4,6-trinitrotoluene (TNT) com
pounds, the cyclodehydrative mechanism includes Subjecting
the intermediate compound to dehydration to remove excess
H.O.
Embodiments of the present invention include the 2.4.6trinitrotoluene (TNT) compounds produced by the environ
mentally methods described above. Further embodiments of
the present invention also include an environmentally
friendly 2,4,6-trinitrotoluene (TNT) compound comprising
about 26 to about 53 weight% of nitromalondialdehyde and
about 47 to about 74 weight% of dinitro-compound, wherein
reacting the nitromalondialdehyde with the dinitro-com
pound produces aldol-intermediate compounds, wherein the
aldol-intermediate compounds are Subjected to cyclohydra
tive mechanism to remove excess HO to produce an isomer
free 2,4,6-trinitrotoluene (TNT) compound. The 2,4,6-trini
trotoluene (TNT) compound according to the present
invention includes the dinitro-compound comprising at least
one of 1,3-dinitro-2-methyl-2-propanol or 1,3-dinitroac
etOne.

Additional embodiments of the present invention includes
an environmentally friendly method for making 2,4,6-trini
trotoluene (TNT) compounds comprising, providing nitrom
ethylamino-hexafluorophosphates, providing dinitro-com
pounds, reacting the trimethinium hexafluorophosphates
with the dinitro-compounds to produce aldol-intermediate
compounds, and Subjecting the intermediate compounds to a
cyclodehydrative mechanism to produce environmentally
friendly 2,4,6-trinitrotoluene (TNT) compounds.
According to embodiments of the present invention, the
nitromethylamino-hexafluorophosphates includes 2-nitro-1,
3-bis(dimethylamino)trimethinium. In other embodiments,
the dinitro-compounds comprises at least one of 1,3-dinitro
2-methyl-2-propanol or 1,3-dinitroacetone. In another
embodiment, the nitromethylamino-hexafluorophosphates
comprises about 75 to about 80 weight % and dinitro-com
pounds about 20 to about. 25 weight%. Yet in other embodi
ments, the nitromethylamino-hexafluorophosphates com
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3
prises about 78 weight% and the dinitro-compounds about 22 method. Another embodiment includes an environmentally
weight %. The cyclodehydrative mechanism includes sub friendly picric acid explosive comprising about 40 to about 45
jecting the intermediate compound to dehydration to remove weight% of nitromalondialdehyde and about 55 to about 60
excess HO and HNMe. Embodiments of the present inven
96 of dinitroketone, wherein reacting the nitromalon
tion include the 2,4,6-trinitrotoluene (TNT) compounds pro weight
dialdehyde
with the dinitroketone produces a mixture,
duced by this environmentally friendly method.
the mixture is subjected to cyclohydrative mecha
Another embodiment of the present invention includes an wherein
environmentally friendly 2,4,6-trinitrotoluene (TNT) com nism to remove excess H2O to produce environmentally
pound comprising about 75 to about 80 weight% of nitrom friendly picric acid explosive. In embodiments of the present
ethylamino-hexafluorophosphates and about 20 to about 25 invention the dinitroketone comprises about 56 weight% and
weight 96 of dinitro-compound, wherein reacting the trime 10 the nitromalondialdehyde comprises about 44 weight %. In
thinium hexafluorophosphates with the dinitro-compound other embodiments, the dinitroketone comprises at least one
produces aldol-intermediate compounds, wherein the aldol of 1,3-dinitroacetone or nitroacetone.
intermediate compounds are Subjected to cyclohydrative
mechanism to remove excess HO and HNMe to produce an
isomer-free 2,4,6-trinitrotoluene (TNT) compound.
15
Embodiments of this 2,4,6-trinitrotoluene (TNT) com
O
O
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On 10
pound comprise about 78 weight % of nitromethylamino
Nt
-2H2O
hexafluorophosphates and about 22 weight% of dinitro-com
2 Nulu
No. -- N-pound. In other embodiments, the nitromethylamino o?
hexafluorophosphates
includes
2-nitro-1,3-bis
1,3-dinitroacetone
nitromalondialdehyde
(dimethylamino)trimethinium. Other embodiments include 2O
dinitro-compound comprising at least one of 1,3-dinitro-2methyl-2-propanol or 1,3-dinitroacetone.
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Methods utilizing cyclodehydrative condensation for making 2, 4, 6-trinitrotoluene (TNT) compound.

Another embodiment includes the method for making 50
environmentally friendly picric acid explosive comprising,
providing a nitromalondialdehyde, providing a dinitroketone,
reacting the nitromalondialdehydes with the dinitroketone to
produce a mixture, and Subjecting the mixture to a cyclode
hydrative mechanism to produce environmentally friendly 55
picric acid explosive. Embodiments of the present invention
include the dinitroketone comprising about 55 to about 60
weight% and the nitromalondialdehyde comprising about 40
to about 45 weight%. In other embodiments, the dinitroke
tone comprises about 56 weight% and the nitromalondialde 60
hyde comprises about 44 weight %. Other embodiments
include the dinitroketone comprising at least one of 1,3-dini
troacetone or nitroacetone. The method according to the
present invention includes the cyclodehydrative mechanism
Subjecting the mixture to dehydration to remove excess H2O. 65
Embodiments of the present invention include the picric
acid explosive produced by this environmentally friendly
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Method utilizing cyclodehydrative condensation
for making picric acid explosive.
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Another embodiment of the present invention includes a
method for making environmentally friendly 2,4-dinitrophe
nol compound comprising, providing a nitromalondialde
hyde, providing a nitroacetone, reacting the nitromalondial
dehydes with the nitroacetone to produce a mixture, and
Subjecting the mixture to a cyclodehydrative mechanism to
produce environmentally friendly 2,4-dinitrophenol com
pound.
Embodiments of the present invention include the nitroma
londialdehydes comprising about 50 to about 55 weight %
and the nitroacetone comprising about 45 to about 50 weight
%. In other embodiments, the nitromalondialdehydes com
prises about 53 weight % and the nitroacetone comprises
about 47 weight%. Other embodiments include the nitroac
etone comprising at least one of 1-nitroacetone. The method
includes the cyclodehydrative mechanism Subjecting the
mixture to dehydration to remove excess H.O.
Embodiments of the present invention include the 2,4dinitrophenol compound produced by this environmentally
friendly method. Another embodiment includes an environ
mentally friendly 2,4-dinitrophenol compound comprising
about 50 to about 55 weight% of nitromalondialdehyde and
about 45 to about 50 weight % of nitroacetone, wherein
reacting the nitromalondialdehyde with the nitroacetone pro
duces a mixture, wherein the mixture is Subjected to cyclo
hydrative mechanism to remove excess H2O to produce envi
ronmentally friendly 2,4-dinitrophenol. In other
embodiments, the 2,4-dinitrophenol compound comprises
about 53 weight % of nitromalondialdehyde and about 47
weight% of nitroacetone.
On Nt -O

&

6
The present invention was formulated after reviewing a
report by Hill and Torrey on the self-condensation of nitro
malonaldehyde that gave 2,4,6-trinitrobenzene (TNB) albeit
in modest yield of ~20%.
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Self-condensation of nitromalonaldenyde that gave
2, 4, 6-trinitrobenzene (TNB) by Hill and Torrey.
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This reaction was repeated in these experiments on one
occasion and the isolated yield was ~16%, the product had
nuclear magnetic resonance (NMR) spectra identical to
authentic samples of TNB. This style of cyclodehydrative
condensation is also represented by the synthesis of 1,3,5triacetylbenzene from formylacetone.
The cyclodehydration process described by the present
invention was demonstrated using nitroacetone and nitroma
lonaldehyde under basic conditions yields the aromatized
product, 2,4-dinitrophenol. The material is spectroscopically
identical to a commercially available product. It was therefore
envisioned that nitromalonaldehyde or B-nitrovinamidinium
PF salt and 1,3-dinitro-2-methyl-2-propanol would react in
the cyclodehydrative manner to furnish TNT. The use of
B-nitrovinamidinium PF salts in cyclodehydration reactions
was shown with acetone and other ketones. Because of the
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reactivity of nitroacetone, it is also envisioned that 1,3-dini
troacetone will react with nitromalonaldehyde in the cyclo
dehydrative mechanism to form the explosive picric acid. The
use of alternative dinitroalkanes was believed to lead to TNT
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Method utilizing cyclodenydrative condensation for making
2,4-dinitrophenol compound.
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EXPERIMENTAL RESULTS

The following experimental results led to the development
of environmentally friendly methods for making 2,4,6-trini
trotoluene (TNT) compounds, picric acid explosives, and
2,4-dinitrophenol compounds by utilizing cyclodehydrative
condensation mechanisms. These methods for the synthesis

60

A 50 mL round bottom flask was charged with 2 parts
sodium nitromalonaldehyde monohydrate followed by 20
parts distilled HO. After the salt has completely dissolved,
1.18 parts 1-nitro-2-propanone was added to the reaction
followed by a solution of 1 part sodium hydroxide in 2 parts
distilled H2O. The mixture is stirred for 18 hr at room tem
perature. After this time, 3.15 parts concentrated HCl was
added to the reaction causing an immediate color change. The
reaction mixture was extracted several times with CHC1. The
extracts were collected, dried over anhydrous MgSO and
evaporated. The remaining residue was column chromato
graphed (SiO2, CH2Cl2) to obtain the title compound as a pale

yellow solid weighing 440 mg. 'H NMR (CDC1, 200 MHz)

8 11.04 (s, OH), 9.09 (d. J=2.8 Hz, H-3), 8.48 (dd, J=2.8 and
8.8 Hz, H-5), 7.35 (d. J=9.4 Hz, H-6); the NMR spectra is
identical to the commercially available product.

of TNT will not have a red water waste stream. In one

embodiment of the present invention, the synthesis will pro
vide the desired tri-nitro isomer of TNT as the only product,
thereby eliminating the need for sellite washing.

as well. Such as trans-1,3-dinitro-2-methyl-1-propene. This
compound will cyclodehydrate in the presence of nitroma
lonaldehyde or 3-nitrovinamidinium PF salt to form TNT.)
2,4-Dinitro-1-hydroxybenzene

While the invention has been described, disclosed, illus
65

trated and shown in various terms of certain embodiments or

modifications which it has presumed in practice, the scope of
the invention is not intended to be, nor should it be deemed to
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be, limited thereby and such other modifications or embodi
ments as may be suggested by the teachings herein are par
ticularly reserved especially as they fall within the breadth
and scope of the claims here appended.

(B)

What is claimed is:

1. A process for preparing 2,4-dinitrophenol comprising:
dissolving a nitromalondialdehyde Salt in water to form a
first composition;
adding 1-nitro-2-propanone to the first composition to
form a second composition;
adding a strong Lewis base to the second composition to
form a third composition having a basic pH:
stirring said third composition at about room temperature
under basic conditions for a predetermined time interval
to form a fourth composition;
adding a strong Lowry-Bronsted acid to said fourth com
position Sufficient to acidify said fourth composition to
form a fifth composition containing 2,4-dinitrophenol.
2. The process of claim 1 further comprising:
extracting said fifth composition with chloroform to form a
first extract containing 2,4-dinitrophenol;
removing said chloroform from said first extract to form a
residue containing 2,4-dinitrophenol; and,
isolating 2,4-dinitrophenol from said residue.
3. A process for preparing 2,4-dinitrophenol comprising:
dissolving in water a salt of nitromalondialdehyde the
nitromalondialdehyde having the structure (A)
(A)

10

time interval to form a first reaction mixture;

acidifying said first reaction mixture to form a second
reaction mixture comprising a product of the structure
(C)
15

(C)

O
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30

35

mixing with the solubilized nitromalondialdehyde (A) a
nitro-propanone of the structure (B)

reacting the nitromalondialdehyde (A) with the nitro-pro
panone (B) under basic conditions for a predetermined

O

OH

4. The process of claim 1, or claim 3 wherein:
said nitromalondialdehyde salt is sodium nitromalonalde
hyde monohydrate.
5. The process of claim 1 wherein:
said strong Lewis base is an aqueous solution of sodium
hydroxide.
6. The process of claim 1 wherein:
said strong Lowry-Bronsted acid is hydrochloric acid.

